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Introduction. 


EFORE proceeding to a detailed consideration of methods of 

estimating, it will be as well if we are agreed in our definition 

or conception of the term estimate. An estimate can best be 
described as a forecast—in our case of the manufacturing cost of a 
piece or pieces of machinery. In general, forecasting is a difficult 
and precarious business. Those who have endeavoured to “ spot ”’ 
the Grand National winner, or to acquire profit-bringing shares, or 
to anticipate the weather of to-morrow, will appreciate this. 


Compared with the exertions of turf and financial advisers, 
weather prophets and the like, the work of the engineering estimator 
may at first glance appear to be comparatively simple ; but when 
full account is taken of the’ conditions under which estimates must 
frequently be made and of the extent to which the estimator must 
conjure and conjecture it will be realised that such is far from 
being the case. On the contrary, it appears that it is the “ spotting ” 
of the Grand National winner that is comparatively easy ; for, 
when all is said and done, granted 30 runners one can only make 
29 wrong guesses. 

Perhaps fellow-estimators will take exception to the implication 
that an estimate is a guess. With all due respect for facts, figures, 
and formule, what else, under certain circumstances, can it be ? 
At the same time, there is all the difference in the world between a 
guess made haphazardly, and one arrived at by logical reasoning 
from reliable bases. It is the method or methods of arriving at 
this latter form of guess, forecast, or estimate that constitutes the 
purpose and subject-matter of the present paper. 

The importance of accuracy in estimates cannot be over- 
emphasised. The life of a business depends upon it. This will be 
readily agreed when we consider that, on the one hand, the low 
estimate obtains business at a loss, and on the other hand, the 
high estimate loses business altogether. No concern can endure 
without business or alternatively by persistently taking business at 
a loss. 
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Elements of Cost. 


We can best begin our investigation into estimating methods by 
considering the many and varied factors which must be borne in 
mind in the preparation of an estimate. Whatever the type or 
nature of the business these factors can be grouped under four 
main heads : 

(1) Material cost. 

(2) Direct labour cost. 

(3) Factory expense (direct and indirect). 
(4) Administrative expense. 

Doubtless those who are not au fait with the intricacies and pitfalls 
of estimating assume it to be a fairly easy matter to establish 
figures representative of these four main elements of cost. In some 
circumstances it is easy, in others it is far from easy, but it is never 
so easy and simple as it looks. 


Types of Inquiries. 

Much depends upon the type of inquiry. In an engineering 
business each inquiry received may be said to come, from an 
estimating standpoint, under one of three heads : 

(1) Products which have been made before and for which actual 
costs are available. 

(2) Products which have not actually been made, but for which 
fully detailed drawings exist. 

(3) Products which have neither been made nor designed—entirely 
new lines. 

We will proceed now to consider in detail the procedure of arriving 
at each of the four main elements of cost given already, under each 
of the three conditions just stated. 


Material Estimating. 


In the matter of material cost, it may be argued that there is 
no occasion for estimating activity where an actual cost exists. 
Upon reflection, however, it will be seen that it is decidedly unsafe 
to assume that what materials cost before they will cost again. 
For instance, raw material prices are constantly fluctuating. Also, 
prices of bought-out parts and components are affected to a marked 
extent by number off. As an example of this, 10 special springs 
may cost 4s. each, whereas if 50 were ordered the price would, in 
all probability, be in the region of 2s. each. Furthermore, there 
is the ever-present likelihood that since the date of the order to 
which the actual cost appertains, drawings have been modified. 
An item which was then an iron casting may, for instance, now be 
of welded steel construction, or vice versa, thus doubling or halving 
as the case may be, its material cost. From these points alone, it 
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will be appreciated that, in estimating, it is positively unsafe to 
accept, without qualm or query, a previous material figure. In 
practice, we fear, the line of least resistance is not infrequently 
followed—with unhappy consequences. 

The best procedure in such cases would appear to be for the 
estimator to examine, adjust and generally bring up-to-date, and 
into line with the latest issue of each drawing concerned, the previous 
actual cost, and to use the figure so arrived at. This revision is 
particularly necessary where the time interval since the previous 
order is considerable. In some organisations, this function 
of examination and adjustment is allocated to the cost accountant. 
This is only satisfactory up to a point, as considerations are invari- 
ably involved which are outside his province. 

The second case, the estimating of the material cost of a job 
that has not been manufactured but for which all detail drawings 
are available, resolves itself into the collection of drawings, taking 
off of quantities, calculating of weights and prices and finally 
summarising. This is not so simple and elementary as it seems. As 
regards standard raw materials, no difficulty is likely to present 
itself. Prices are calculated on current market or estimated future 
figures. But in the matter of special materials, parts, and com- 
ponents which must be obtained from outside, the amount to be 
included for these depends upon the price-knowledge of the 
estimator—where time or other contingencies do not permit of a 
definite inquiry being sent to suppliers. 

In each of the foregoing instances, the estimator has had some- 
thing tangible and concrete to work upon—actual cost in the first 
case, and detail drawings in the second. It is case number three, 
i.e., estimating for something that has not been made before and 
for which no very informative drawings exist, that brings into 
play all the skill and experience of the estimator. The kinds and 
grades of material have not been definitely decided upon. This 
casting may be in brass, gunmetal, copper, or aluminium—all 
different in price. That terminal board may be in A or B grade of 
insulating material, one of which is twice the price of the other. 

These are illustrative of the circumstances in which the estimator 
must arrive at a material cost approximation. How does he do 
it? You will say he guesses it. You are right. He has no alter- 
native.. Nevertheless, it is remarkable how near the mark, the 
“ guesses” of an experienced estimator often prove to be. This 
admittedly sounds improbable, almost fanciful, but it may be 
accounted for in this way. A man spends a number of years 
preparing estimates for a certain type of machinery. In the 
course of time he encounters almost every conceivable combination 
and arrangement of it, consequently, when a new development 
comes along for estimating, he has a reasonably accurate idea of 
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the grades of material and types of components which will enter 
into its construction. In extreme cases, he is reduced to arriving 
at his material cost by a comparison of the total size, weight, and 
general design with something he has experienced before, and 
working by proportion. As will be readily appreciated by engineers, 
this mathematical method is very liable to result in error, but in 
many cases it is the only way. 

Estimating by comparison can only be achieved by means of 
data. The greater the store of relative data that the estimator 
possesses, and the more he is skilled in its manipulation, the more 
successful he is likely to be. In every line of manufacture, there 
are cost ratios which though not strictly constant, are in general 
sufficiently so to be of tremendous assistance to the estimator. 
He can only discover these by the collection and study of data, 
and by steady “ plotting” of curves. At a later stage in this 
paper, we shall have a closer look into the estimator’s library. 


Labour Estimating. 


We come now to the second element of cost—direct labour. 
Theoretically, this is easily estimated ; in practice it is not—for 
the simple reason that what the estimator has to forecast is the 
actual cost of the job, not, as some seem to interpret it, what the 
job could, should, or ought to cost. 

As will be seen from what follows, it is inevitable that labour 
estimates should so frequently be wide of the mark—usually short 
of it. It is unfortunate that this should be so—for it is in proportion 
to labour cost, or labour hours, according to the method of recovery 
in use—that indirect expenses are allocated. This, of course, has 
the effect of multiplying the error. In a factory where the ratio 
of overheads to productive labour is 150 per cent., an error of 
20s. in direct labour, is an error of 50s. in the factory cost. 

In deciding upon a labour figure for something that has been 
made before, the problem immediately arises, as in the case of 
material, should or should not the existing actual cost be repeated ? 
Experience shows that the only actual labour cost that can be 
accepted without question is that for a stock or standard product 
which is made on a fairly regular sequence of stock orders. For 
products or units for which orders are received only at intervals, 
and in small quantities, the preceding actual labour figure should 
not be unreservedly accepted. 

The first point to be considered is whether the number off of 
units involved is greater or smaller than on the previous occasion. 
This has a decided effect upon labour costs, affecting in particular, 
setting up times for machining operations. For «xample, for a 
detail with four machining operations and requiring a total of 
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thirty minutes operating time, and two hours setting up time, 
the costs would be : 


For one off __... 2s. 6d. (assuming labour at 1s. per hour). 
For four off ... Is. each Ditto 
For twelve off .... 8d. each Ditto 


We trust we will be forgiven for the elementary nature of the 
illustration. The point is perfectly obvious to engineers in daily 
contact with production. But, we fear, it is often lost sight of 
in estimating practice. 

Secondly, it must be ascertained whether methods of manufacture 
are still the same ; also, if any of the components have since been 
tooled. Consideration of tooling is just as vital as consideration of 
number off. It reduces labour cost in many instances enormously. 
The reduction is particularly noticeable in the case of details which 
lend themselves to press tooling. Instances from our own factory 
show that details such as sheet iron covers when pressed cost on 
an average ls. 4d. of the hand-made price. This saving affects 
direct labour and in a slightly lower degree according to the ratio 
of material to labour, the factory cost. 

There is, of course, to be offset against this the outlay on tools, 
but where a detail is made in fairly large quantities this amount is 
soon recovered in the saving effected. It is very necessary, therefore, 
that the shops should keep the estimating staff advised of the 
progress of the tooling programme. 

If the actual labour cost being considered is for a unit made for 
the first time, it should not be taken too seriously. Experience 
shows that the cost of making the first unit of a new design is 
usually from two to four times its ultimate cost. This, of course, 
is due to the fact that the development factor included in the first 
cost does not recur, or, at worst, recurs on a diminishing scale. 
How, in such a case, is the estimator to determine the labour figure ? 
This is where the ratefixer comes into the picture. 

In all well-organised factories, every job executed is planned and 
ratefixed. The estimator can therefore obtain, for comparison with 
the actual cost, the total ratefixed price of the job. Theoretically, 
ratefixed and actual costs should coincide. In practice, they rarely 
do—due to the fact that whereas the ratefixer works on the assump- 
tion of the smooth progress of manufacture, the progress of 
manufacture of a new design is usually far from smooth. The 
required figure lies somewhere between the high and low extremes 
of actual and ratefixed costs. All that remains for the estimator 
to do is to make the happy compromise. May we at this point be 
allowed to lodge a protest against the common impression that 
the answer is usually arrived at by the application of the simple 
and time-honoured formula : 
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On the contrary, any appreciable difference between actual and 
ratefixed costs is something which calls for careful thought and 
investigation. 

In estimating a labour cost for a unit that has not been made, 
but for which all detail drawings have been made, the responsibility 
for the supply of a figure, or it would be better to say a basis, should 
rest upon the ratefixer. We say basis, because to it something 
must be added to meet the circumstances of the case. The basis, 
for instance, may have been computed on the assumption of a 
tooled job and quantity manufacture. Obviously, it would be 
courting disaster to apply such a cost to a “1 off” inquiry, or to 
manufacture without tools. It is important, therefore, to bear 
in mind that labour costs are not definite and unvarying. They vary, 
often considerably, according to the conditions of manufacture and 
number off. 

The estimating of labour for something that has neither been 
made nor designed, is purely the estimator’s concern and respons- 
ibility. The cost department cannot help him, nor, owing to lack 
of detailed information regarding proposed design and construction, 
can the ratefixer, to any marked extent. It will be appreciated 
that the best to be hoped for in such circumstances is a reasonably 
accurate approximation. How is this reasonable accuracy to be 
achieved ? Again, the problem is one which can best be solved by 
comparison, and by the manipulation of relative cost data. 


Estimating Records. 


The records which are essential to estimating practice vary 
somewhat according to the nature of the business, but in general, 
should include the following : 

(1) Current costs of raw materials and schedules of costs (with 
sketches) of bought-out components. 
(2) Actual costs, in detail, of all standard products. 
(3) Actual costs, in detail, of all special jobs previously executed. 
(4) All previous estimates—properly classified. 
(5) Ratefixed costs of jobs. 
(Note—3-4-5 should be carefully cross-referenced for comparison 


purposes.) 
(6) Data generally, graphs, statistics, labour rates, operating 
times, plant capacity, etc. 
The work of collecting and arranging data occupies a fair 
percentage of the estimator’s time, but it is well worth while—in 
fact it is imperative—for, other things being equal, his efficiency 


606 














ESTIMATING METHODS 


is proportional to the comprehensiveness of his records. To this 

end, factory organisation should aim at a regular and automatic 

flow of the necessary facts and figures from the po 
concerned to the estimator. 

A system which makes for accuracy in both estimated and actual 
costs is that which provides three sets of figures for each job that 
materialises : 

(1) The preliminary rough estimate in which both material and 
labour are approximations. 

(2) The close estimate (made during manufacture) in which materials 
are priced at the actual buying prices, and labour at the rate- 
fixed figure. 

(3) The actual cost. 

By comparison, these check and counter-check each other. 
The second, or close estimate, is regarded by many as superfluous, 
but it is absolutely essential as a link between the estimate upon 
which the business is obtained and the actual cost. It reveals 
not only the errors and omissions in the preliminary estimate, 
but what is equally important, those irregularities and over- 
charges which are found in the make-up of nearly every actual 
cost. Experience proves beyond doubt that the average actual 
cost is valueless as a check against an estimate unless and until 
it has itself been subject to a thoroughly practical check. The 
intermediate estimate recommended, constitutes this check. 

We have now established the prime cost, i-.e., direct material and 
direct labour, of our product. To establish the factory cost, we 
must next add the whole or portion of the direct expenses, and a 
percentage of the indirect expenses involved. Both these elements 
of cost must obviously be recovered in the price of the product. 


Direct Expenses. 


Direct expenses, i.e., expenses which will arise in connection 
with a specific order, such as costs of drawings, patterns, special 
tools, etc., require careful consideration and handling. In the 
case of an inquiry for a special machine that may never be made 
again, or at least, not for a number of years, it is unquestionable 
practice to include the whole of the cost of direct expenses in the 
estimate ; but when estimating for a type of machine which will 
probably be ordered from time to time the problem immediately 
arises, should the whole expense charge be included in the estimate 
for the first machine, or should it be spread over an assumed number 
of machines? There are logical arguments in favour of each 
method, and there are dangers in each method. If, on the one hand, 
the whole expense is included in the first estimate, the price quoted 
may be made so high, compared with competitors’ quotations, as 
to lose the business. If on the other hand, it is “‘ spread over ”’ and 
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for any reason no repeat orders are received, the expenses are never 
fully recovered. In such cases, therefore, it would seem that the 
procedure must be determined by circumstances, and considera- 
tions of policy. No hard and fast rule can be laid down. 


Indirect Expense. 

Indirect factory expense—the cost of power, lighting, material 
handling, inspection, and non-productive labour—has also to be 
recovered. It is not practicable to assign such charges definitely 
to jobs. The total cost must be spread over the entire output of 
the factory, either in proportion to productive labour cost, or 
productive labour hours. The former seems to be the popular 
method, but the latter is undeniably the more accurate, due chiefly 
to the variation in the rates of pay of different classes and grades 
of operators. 

For example, two workers each have a twenty-hour job. Each 
job entails roughly the same amount of indirect expense, i.e., 
handling, lighting, inspection, and clerical work. One worker 
gets ls. 6d. per hour, and the other Is. Od., consequently, under 
the labour cost method of allocation, the twenty hours work of 
A is saddled with 50 per cent. more indirect expense than the 
twenty hours work of B. Under the labour hour method, the same 
amount of indirect expense would be allocated to each, which is 
more correct, as indirect expenses are generally more closely 
related to time than to value. 

The ratios of indirect expense to productive hours or cost in the 
various departments, are usually established by the cost department. 
In compiling an estimate, the average ratio for the whole factory 
is generally applied, as in the early stages of development of a 
design it is difficult to gauge accurately the percentage of the 
work that will be done in each department. As the ratio of expenses 
to production varies with output, care should be taken when quoting 
for a job that has been made before, not to use the ratio shown in 
the actual cost but to estimate on the current or forecasted future 
rate. 

Administrative Expense. 

A portion of expenses other than those incurred in the factory, 
i.e., administrative and selling charges, must also be included in 
the estimate. These expenses are usually added as a percentage on 
the value of the estimate, the percentage itself being established 

by the cost accountant. The method of allocation is far from ideal, 
it is not even correct, but in this, as in other phases of estimating 
we have to be guided rather by what is practicable, than by what 
is ideal. 

With the sum tota! of these cost elements—material, labour, 
direct expense and indirect expense, factory, administrative, and 
selling, we reach the end of the estimator’s task. His forecast of 
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manufacturing cost is complete. In some cases, of course, it remains 
for him to allow an amount for the erection and setting to work 
at site of the machine or equipment. 

The further elements necessary to arrive at a selling price— 
freight, commission, insurance, export charges, profit, etc., are, 
in general practice, added by the tender pricing, or equivalent 
section. Sometimes, it may be mentioned, it is necessary, due to 
the state of trade or to considerations of competition or policy 
generally, to sell at a figure that does not recover either commercial 
or full factory charges. This, however, does not affect the work of 
the estimator. His job is to give an honest and unbiased forecast 
of the cost of manufacture under the conditions which will appertain. 

In the foregoing, we have endeavoured to convey some idea of 
the nature and complexity of estimating work, and of the methods 
of coping with it. The treatment of the subject has been necessarily 
superficial as we have had to confine ourselves to principles which 
are of interest to the industry generally, and to omit considerations 
and illustrations which are relevant to only one particular © 
branch of it. 


Organisation. 


However, from even what little has already been said, it should 
not be difficult to infer to what an extent efficient estimating is 
dependent upon the efficiency of the other departments of the 
factory. The estimator is by no means a water-tight, self-contained 
and isolated individual. His work is primarily conjectural and he 
must work from bases for which he depends upon the designer, the 
sales engineer, the ratefixer, the buyer, and the cost accountant. 
Obviously, if the facts or figures supplied to him are incorrect, the 
whole of the structure of his calculations stands in grave danger 
of being likewise. 

No estimate of any magnitude should be compiled without being 
considered from every point of view, and without obtaining the 
opinion of the expert in every point of view. This necessitates 
conference—a word and a practice that is regarded with disfavour 
by some managements. Conference—of the right sort, of course—is 
not a waster of time, it is a saver of money. It is no exaggeration 
to say that 90 out of every 100 bad estimates are due to inadequate 
time in which to consider and confer. Admittedly it is not always 
possible to allow the estimator the time necessary to arrive at a 
reliable figure. Therefore price “ jumping ” has to be resorted to. 
This, as most estimators will know to their sorrow, is an exceedingly 
risky practice. Even though it is really necessary in some cases, 
its adoption is not infrequently occasioned by avoidable delay 
in warning the estimator of what is required. Conference similarly 
ought to be encouraged and facilitated. In one small way it can be 
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facilitated by situating the estimating office as centrally as possible. 
This tends to reduce the amount of “ running about ’’—the most 
unproductive of all time absorbers. It is important also that the 
estimator be allowed to work independently. His opinion of the 
cost of a job must be given without partiality ; therefore he should 
not be so circumstanced as to be expected or compelled to justify 
any departmental point of view. 

With some firms it is the practice for the sales engineers to do 
their own cost estimating. This practice in an undertaking of 
any size with a sufficient volume and variety of work to fully employ 
a cost estimator or estimators is not to be recommended. In the 
first place the general outlook of a sales engineer is different from 
that of a cost estimator. The former thinks, primarily, in terms of 
performance, and the latter in terms of £ s. d.; whereas a sales 
engineer in an electrical factory considers a unit or layout diagram- 
matically, the estimator considers it constructionally. Cost estimat- 
ing is a thing apart, a speciality, and ought to be performed by a 
specialist. Price consistency is essential. Where estimates for the 
same or similar units are prepared by different engineers, working 
independently, serious irregularities are liable to occur. A method 
in general favour and against which little or nothing can be said, 
is for each sales engineer to price his own tenders with prices supplied 
by the cost estimating section. This procedure, in general, is quicker 
and safer than that of having tenders priced by a separate and 
independent pricing section. Specifications and schedules are often 
vague and open to more than one interpretation. Consequently, 
where two sections handle a tender there is danger of its being 
engineered on one assumption and priced on another. 

In the matter of the supply of the actual costs to be used for 
tendering purposes, the general practice seems to be to pass them 
direct from the cost department to the sales department. From 
what has already been said as to the necessity for investigation 
and adjusting actual costs before using for estimating purposes, 
it will be appreciated that this procedure is both dangerous and 
definitely wrong. Actual costs should only be passed to the sales 
department through the estimating section. This practice serves 
a double purpose. It ensures that the cost passed on to the sales 
department shall be on an estimating basis, not merely an unrevised 
actual cost record. It also ensures a steady flow of cost data into 
the estimator’s files. 

Close co-operation between the estimating and purchasing depart- 
ments is also very essential. It is upon this department that the 
estimator relies for his supply of prices and fluctuations in prices of 
raw materials and bought-out parts. The buyer can best assist by 
seeing that his purchase records are properly classified and thoroughly 
complete and up-to-date. 
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The same remark applies to the relationship between the estimator 
and the drawing office. The drawing office is the centre from which 
manufacturing instructions radiate to the different departments of 
the factory. From an estimating point of view, it is essential that 
orders be put on the works in such a manner as to furnish the 
greatest possible amount of useful cost data—where this can be 
done without inconveniencing production or increasing its cost. 
To give an elementary example of what is meant, we will assume a 
workshop engaged in making, among other things, ordinary kitchen 
tables in large quantities. The main components of such a product 
may be said to be : (1) the top, (2) the legs, (3) the drawer. If one 
order be opened for the manufacture of 1,000 complete tables, it is 
obvious that careful segregation, some conjecture and calculation 
will be necessary to establish the cost of each component, whereas 
if four orders are opened, one for tops, one for legs, one for drawers, 
and one for general assembly, a definite cost will be obtained for 
each, which will permit of an accurate figure being quoted for 
replace parts. Another verv essential phase of this relationship 
is the regular and automatic supply to the estimator, by the designs 
section, of particulars regarding new designs, and of alterations in 
existing designs. 

The cost of every new design should be estimated as soon as it 
leaves the drawing board, irrespective of whether or not it is required 
for immediate tendering purposes. Where this is not done, the 
estimator is likely to be “ caught napping’ when some estimate 
is required in a desperate hurry. His main concern, therefore, is 
not to keep pace with inquiries, it is to anticipate them; and 
organisation generally should concentrate on enabling him to do 
this. There are various ways of doing this. One way, and a 
fairly popular one, is to trust to the estimator to find out. This is 
neither effective nor economical, although it may have the appear- 
ance of being the latter. Another is to issue to the estimating 
section a blue print of every new and altered drawing. This is 
undoubtedly effective but equally wasteful. All that is necessary 
is for each draughtsman, upon completing a drawing or alteration, 
to send to the estimating section a slip stating that such and such 
a drawing has been issued or altered in certain respects. The 
estimator is thereby kept advised of what is happening, and can 
obtain drawings as and when required. Where no such system of 
notification exists he is working in the dark. New designs come 
into being of which he has no knowledge. His costs of existing 
designs are falsified by alterations of which he has not been informed. 
In consequence his price schedules are neither complete nor reliable. 
This state of affairs must be prevented at any cost—and as we have 
seen, it can be prevented at a very small one. 

In connection with new developments and with orders for special 
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units, in many cases two or more alternative designs are evolved. 
It is, consequently, necessary to decide upon the particular design 
to be proceeded with. Cost is usually the determining factor, and 
the comparative estimates should be prepared by the estimator. 
The practice of allowing drawing office sections to submit estimated 
costs of their own designs is, for obvious reasons, to be discouraged. 
This function, as will be appreciated, necessitates the estimator’s 
frequent presence in the drawing office, and in view of this it is a 
good plan to situate the drawing and estimating offices as closely 
together as possible. 

No co-operation is more desirable, necessary, or beneficial than 
that between estimator and ratefixer. The ratefixer, naturally, is 
more intimate with the methods, times and costs of operations, 
and with the processes of manufacture, than the estimator. Much 
of the data which he normally gathers for his own information and 
guidance is equally valuable to the estimator. It is essential, from 
the point of view of general efficiency, that he passes on to the 
estimator whatever will assist him in his work. Incidentally, it is 
in his own interests to do so. If, for any reason, the estimator is 
working on the assumption that any operation or process is less 
costly than it is, he is laying in trouble for the ratefixer. 

The estimator, on his part, should not fail to advise the ratefixer, 
in the case of every tender that materialises, of the labour figure 
included in the estimate. This warns the ratefixer what he is up 
against, and is in many cases the means of preventing a loss. The 
type of information which is of most value to the estimator and 
which the ratefixer normally possesses, is that relative to costs of 
processes, such as welding, metallising, spraying, plating, etc. The 
pre-determined or ratefixed price of every job put on the factory 
should also be notified as a matter of routine. 

Under such conditions of organisation and co-operation as those 
suggested, estimating work stands a reasonable chance of being 
performed efficiently—but only under such conditions, in the first 
place, and only, in the second place, providing the estimator himself 
is a fit and proper person. 

There exists a marked diversity of opinion as to what training, 
qualifications, and personal attributes constitute the ideal estimator. 
This arises chiefly from the fact that there is no course of training 
specially designed to produce estimators. Thus we find that one 
estimator was formerly a shop foreman, another a ratefixer, another 
an inspector, another a draughtsman, another a sales engineer, yet 
another a cost accountant, and so on. 

Estimating, it must be realised, is a hybrid job, neither purely 
practical nor purely commercial—commercial-cum-practical about 
describes it. Therefore it is difficult to dogmatise as to the best 
recruiting ground. It is not, however, by any means difficult to 
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enumerate the essential qualifications and attributes. First and 
foremost, the estimator must be thoroughly familiar with the 
products with which he is dealing—their function, how they are 
made, and what they are made of. He must be thoroughly familiar 
with the factory, its equipment and layout, and with every phase 
of its organisation, particularly the method of routine costing in 
vogue. He must be of an analytical turn of mind and of a probing 
nature. The fact that such and such a unit cost so much, must not 
satisfy him. He must discover just how, and why. He must be a 
rapid and accurate calculator and have unit weights and prices of 
practically all materials memorised. He must be quick to reach a 
decision, and having reached it, to stick to it. 

Above all things he must be systematic. Only too often has he 
to work against the clock, therefore he must have his mass of data 
so arranged, classified and referenced, that he can put his hand 
straight upon the required fact or figure. His must be the ordered 
mind of a librarian. Sound judgment, a well-developed sense of 
proportion, foresight, a lively practical imagination, and a genial 
and tactful disposition are further essentials. In a combination 
of these qualifications and qualities, we have the embryo of the 
estimator. The estimator evolves therefore by process of exper- 
ience—the only way. 

It is not, of course, possible to cover this subject adequately in 
a paper of this length, or for that matter, of any leng’’:. Realising 
this, we have not attempted to do more than briefly describe 
estimating procedure, to state the difficulties which ordinarily 
arise and to put before you methods of overcoming them, which 
some years of experience have proved to be effective. Text-book 
treatment has not been aimed at, nor has text-book diction been 
adopted. Even if you are not in agreement with certain of our 
statements and suggestions, we sincerely hope that you will agree 
that the application of scientific methods to the work of estimating 
is really beneficial, and more than repays any extra cost incurred 
in applying them. We are aware, of course, that there are still 
many—too many—engineering firms in this country who do not 
hold this view, the objection in nearly every case being cost. 

It is not disputed that it costs more to be organised than to be 
chaotic, to be scientific than to be haphazard, but it is too often 
overlooked that what a method or system costs to run, does not 
constititute its profit and loss account. On the other side, the 
credit side, must be entered what the method or system saves. If 
the balance is a credit one, then the system, no matter what it 
costs to run, is a profitable one and worth while. There are, of 
course, systems which do not show a credit balance—which do not 
pay their way. This, however, does not justify a general condemna- 
tion of systems, any more than does the fact that a certain footballer 
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on occasion employs unduly robust measures constitute a general 
condemnation of football as a sport. Systems frequently fail 
because they are over-applied. Over-application is just as unecon- 
omic as under-application. 

We have already drawn attention to the fact that none of the 
methods of expense recovery in common use is perfect. Material 
handling expense is frequently apportioned according to value, 
which, to say the least of it, is absurd. It costs no more to handle 
a casting in brass than it does to handle the same casting in iron ; 
yet if calculated on value, the handling charge is three times as 
great. It is wrong to spread the cost of the plating department over 
the whole of the output of the factory, when more than one half 
of the output may not have undergone this process. 

These methods are applied in the full knowledge that they do 
not give correct results. It is quite possible to allocate these, and 
all other kindred charges accurately, but the cost of so doing would 
be. out of all proportion to the advantage gained. 

There is not much point in spending £2 to gain 30s., and all 
systems which operate in this way should, it goes without saying, 
be forthwith scrapped. At the same time there are more phases of 
system application which pay than which do not pay, and we have 
no hesitation in submitting, in conclusion, that the application of 
scientific methods in the work of estimating is not only desirable 
but absolutely imperative, and that it will, in the long run, show 
a decided and gratifying balance on the credit side. 
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ESTIMATING METHODS. 


Paper presented to the Institution, London and Eastern 
Counties Sections, by L. E. Bunnett, A.MJ.P.E. 


STIMATING is so vast a subject that it is not possible, in 
EK the limits of a short paper, to examine at great length all 

the sections of it. One might have taken some machine com- 
ponent made up of a small number of details and devoted the 
entire evening to it—tracing out the estimated costs of every 
operation. Perhaps our Council may like to consider this suggestion 
for a future lecture. But, as I have been asked to speak on the 
subject of Estimating Methods, I have decided to cover as much 
of the ground that is possible so that by mutual discussion a pre- 
liminary foundation may be established upon which to build up 
our recorded knowledge of the subject in future. 

There is no doubt that many among us to-night are experienced 
and qualified estimators and there is little doubt that we all have, 
at some time, found it necessary to prepare engineering estimates 
of one kind or another. Those of you, therefore, who find in this 
paper little that is new and much that is common knowledge will, 
I trust, hear it in patience for the sake of the few who may he less 
familiar with it. 


Estimating is Guess-work. 


In my text-book* on this subject | provoked the withering scorn 
of one captious critic by asserting that estimating is, in actual fact, 
guess-work, and, in spite of the possibility that he is here listening 
to me now, I shall repeat this definition, as it expresses the funda- 
mental distinction between estimating and ratefixing or cost accoun- 
ting: 

The medical practitioner spends most of his life intelligently 
guessing the nature of his patients’ complaints. He calls his guessing 
** diagnosis,” and we, who spend our lives guessing—I hope intelli- 
gently—the cost of some mechanical creation as yet unborn, call our 
work * estimating.” 

Do not misunderstand me or think I am belittling the importance 
of our vocation. Far from it! Just as the doctor must know the 
full nature, purpose, design, and structure of the human body 
and must have a wealth of experience and vision before he can prac- 





* Estimating for Mechanical Engineers ’’ (pubiished by Sir Isaac Pitman & 
Sons, Ltd.). (London, April 6th, 1934; Ipswich, April 10th, 1934). 
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tise successfully, so must the estimator know the full nature, purpose, 
and structure of the objects which he investigates ; he must know 
how they are represented on paper and how every component 
part may be wrought by many intricate processes from the crude 
raw material into the perfected finished article. 

The estimator, although he has much in common with the ratefixer 
and the cost accountant, starts his work on a different level and with 
a greater handicap than either of them. The ratefixer knows which 
machine will be used for a certain operation. The estimator can 
only guess, and, if he guesses correctly, it is because he has had 
practical intimate experience of all the machinery or processes 
already in his factory and often with many machines and processes 
that have not yet been introduced into it. 

The ratefixer has one great advantage over the estimator in that 
he can alter a price if he finds he has made a mistake. He can easily 
increase any rate he has set and there are of course many ways and 
means by which a price which is seen to be too high may be lowered. 
Not so with the estimator. Once the price is out of his hands he 
must stand or fall by it. 

The cost accountant knows the actual costs of the material and 
labour that have been used in and on the production of a particular 
job. The estimator is required to assess the quantity of material 
which will be used, to forecast its probable purchase price, to know 
what classes of labour are likely to be engaged, and to visualise how 
long they will be on the job. Furthermore, he must be able to 
conjure up with a vivid but accurate imagination all the strange 
contingencies that may arise before the completion of the work. It 
is really like forecasting the weather or “ spotting a winner” and 
the regularity with which experienced estimators produce figures that 
are subsequently confirmed within small limits by the actual costs 
is therefore all the more remarkable. 

The blame for wide differences which often occur between the 
prices tendered by different firms for public contracts must not be 
laid upon the estimator. It may sometimes be his fault but much 
more frequently such differences are due to the arranged agreement of 
a ring or to some individual policy of price-cutting or price-inflation 
on the part of the firm concerned. At times the unfortunate esti- 
mator is quite unable to recognise the price that is actually tendered 
on such work. 


My Point of View. 


My remarks to-night are, of course, confined to the realms of 
mechanical engineering. Even so, as many fine distinctions arise 
in consequence of the variable conditions under which the work is 
performed, it will be as well to make clear the viewpoint from which 
I myself am looking at the subject. 
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Estimating, as we all know, may be carried out in ways which 
differ widely from each other. In a wire-drawing mill, or a screw 
factory, where records of previous costs and consistent production 
methods enable the estimates of future work to be calculated with 
mathematical precision, it is more a matter of arithmetic than 
practical experience. At the other end of the scale, in a jobbing 
shop for example, producing the experimental design of some novel 
machine as it emerges with strange features and unexpected modi- 
fications from the imaginative brain of its inventor—in such a 
shop—estimating is done neither by arithmetic nor by experience, 
but becomes almost a mere lottery, depending for success upon 
some sixth sense possessed by the estimator. This sense is the child 
of experience, and all estimates of new machinery on which past 
records are not available, depend for their accuracy uponits existence 
and acuteness. 

But I am thinking this evening of a factory which has been running 
for some time and is frequently producing, in small batches, new and 
improved types similar to those that have been made in the past, 
It is an average factory turning out a number of diverse components 
ultimately destined to become assembled into units of various 
sizes—engines, motor-cars, or pumps. It possesses its own pattern 
shop, foundry, press shop, machine shop, fitting shop, assembly shop, 
and also auxiliary shops for wood-work, heat-treatment, painting, 
etc. It has a ratefixing and costing department which are both 
distinct from the estimating department. In general the labour is 
paid for on a straight piece-work basis and overheads are applied 
as a percentage addition to the direct labour of the whole factory 
or as a separate percentage for each department. 

The basic methods to be adopted for estimating are similar under 
any of the conditions mentioned but will be perhaps best represented 
in reference to the type of organisation just described. Before 
we approach these methods further, I should like to introduce a 
few remarks concerning the estimator himself, his qualifications, 
and his relations to the management and organisation of his factory. 


Qualifications of Estimator. 


Opinions differ widely as to the ranks of engineering from which 
to recruit estimators. Most firms prefer to draw their estimating 
staff from the ratefixing department, and undoubtedly, if a man 
can do ratefixing well he should be able to do estimating after a 
fashion. But in general the ratefixer has focused his knowledge on 
one class of production and so specialised his knowledge that he is 
not really capable of developing that broad, imaginative, far seeing 
vision so essential to the science of estimating. Not that ratefixers 
are to be disparaged for one moment. It would be just as difficult 
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for a good estimator to do the ratefixer’s work as it would be for the 
ratefixer, per se, to do the estimating. 

The estimator must be able to read drawings, not only from the 
view-point of either the pattern shop, the tool room, or the machine 
shop, but from all of these as well as from that of the purchasing 
department and the customer himself. 

In this matter he is more akin to the draughtsman who, in reducing 
the vision of the designer to black and white, must be able to see 
the work as it is to be manufactured from all angles and also judge 
it from its commercial or economic view-point, as it will stand in 
competition with the products of rival firms. 

It goes without saying that the estimator must have had practical 
workshop experience, but beyond that a man from the drawing 
office is to be preferred to ore from the ratefixing office. Naturally 
one who has been in both would be better still. 

The time may come when firms will deliberately train their 
estimators just as apprentices are trained for other engineering 
appointments ; in which case | should suggest that, following on 
his shop training, the young apprentice should spend some time in 
each of the following departments : 

(a) Ratefixing ; 

(6) Drawing office ; 

(c) Costing ; 

(d) Planning ; 

(e) Purchasing ; 

(f) Sales or contracts ; 

(g) Accounting. 

In brief, as his work is so intimately connected with almost every 
phase of activity in the firm, he should have experience of almost 
every department in the factory. Granted all this experience, the 
estimator has still a long way to go in his own field of work, and 
unless he possesses two further attributes—common sense and a 
decided love for his work—he will never be a great success. 

There is much of what may be described as donkey-work in esti- 
mating, and the man who takes less pleasure in totting up bills 
of quantities than in totting up the contents of his pay envelope will 
soon think it a tedious job. But he who has a liking for financial 
prediction will enjoy every step which leads him to the final, doubly- 
underlined price at the foot of his estimating sheet. 





His Duty to the Management. 

What now are the estimator’s duties to the firm? Primarily, he 
will be required to forecast the cost of any article which is to be made 
in the factory. But he may do a great deal more than this. He 
should be able to advise the management on the economic aspects 
of anv design and production problem: as to whether a sugges- 
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ted change in design would be worth while, or under what conditions 
of quantity it would pay to introduce new processes or equipment. 
He may be called upon to advise on problems of overhead recovery 
from the practical, shop’s point of view, as opposed to the theoretical 
aspect, which latter is the duty of the cost accountant. He should, 
if he is keen on his job, be able to offer voluntary and valuable 
constructive criticism with regard to both design and production. 


Their Duty to Him. 


All this reminds us of the other side of the picture. If the esti- 
mator has a duty to the firm, they also have a duty to him and to 
themselves, and that duty is to make the best use possible of his 
department. One rarely hears a paper on cost accounting which 
does not include a warning to firms to make full use of the statistical 
information such a system affords them. I inquired recently of a 
certain firm for information as to the cost of their scrap and they 
had no idea of what it amounted to although they have a fully 
equipped modern costing system. 

In the same way if an estimating department is in existence, 
it should be utilised in many ways beyond its primary function of 
producing estimated costs. A number of questions relating to 
manufacturing economy could and should be referred to the esti- 
mator ; questions such as I mentioned just now, as to the probable 
effect on manufacturing costs which may be expected from a change 
in methods, designs, or quantity. These problems come as a stimu- 
lating relief to the estimator in the midst of his routine work and 
he should be consulted on such matters more frequently than is 
usually the case. 

Further than this, the management have a more obvious duty 
towards the estimator. It has been recognised through the ages 
that one cannot make bricks without straw and it is unfair to the 
estimator to expect him to produce accurate figures unless the fullest 
information is given to him. I remember being asked on one 
occasion to quote for repairing a steam turbine which had broken 
down in some remote spot in East Africa. I was given the station 
engineer’s report, which said that the casings had not been opened 
up, but that he had heard a loud noise from somewhere inside them 
and then the plant had come to a standstill ! 

Accurate estimates can hardly be expected without sufficient data 
being available, yet many managers expect their estimating staff to 
produce figures under conditions which are often inadequate. The 
estimator must be given the fullest information concerning the job 
on whica a quotation is required. 

It is customary in some factories, when a specification and draw- 
ings have been received from a potential customer, to submit only 
the drawings and extracts from the specification to the estimating 
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department. This is a mistake : the sales manager is not omniscient, 
and he may fail to realise that certain clauses in the specification 
may very vitally affect cost. Apart from this possibility, which is 
very real and one of which I have had frequent experience, the 
estimator will take a far more intelligent interest in his work if he 
knows all about it, even if some of the information is apparently 
irrelevant. 

The Fundamental Formula. 

Estimates are used in the main for one or more of three different 

purposes : 
(i) To enable quotations to be given to customers ; 
(ii) For comparative purposes—for example, to find out whether it 
would be cheaper to make a part from a casting or by welding ; 
(iii) For budgetary purposes. 

The modus operandi will be the same in each case, except that 
before a quotation goes to a customer, there will be an amount added 
to the estimated cost for profit—an amount which it may be the 
estimator’s duty to include—usually an arbitrary and known 
percentage. Also there may be other additions to cover the cost 
of delivery and of special packing, etc. But whatever the purpose 
of the estimate, the basic formula is always the same; labour 
plus materials plus overheads, or L+M-+-0, and the estimator’s job 
is to provide the correct solution. 


Kinds of Estimates. 

The estimate itself will also belong to one of three categories, or 
will be a combination of them : 

(i) An estimate for the repetition of a machine which has been 
already made and on which detail or total records exist of 
labour and material used. Its preparation consists of a careful 
revision and bringing up-to-date of these figures. 

(ii) An estimate for fully designed new work, where the labour and 
material for each detail part can be calculated. 

(iii) An estimate for new work which has only been partly designed 
—schemes for a new machine accompanied possibly by a speci- 
fication and a sketch of the assembled unit, or work on which 
the information is similarly obscure, such as repair work. 

The methods to be used will obviously vary for these different 
kinds of estimate, and we will now proceed to examine some of them 
as applied to the solution of the first unknown in the formula. 


Wage Systems. 

Labour is rewarded in different ways under day-work or piece- 
work, or various combinations of these two, including numerous 
bonus systems, all calculated to provide incentives to production. 
Speaking as an estimator, the natural desire is for simplicity in 
regard to wage systems. 
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The simplest system for the estimator who draws upon past 
records for his data, is straight piece-work. A fixed price for the 
labour on a particular part enables him to escape almost beyond 
the restrictions of his craft and quote a fixed selling price with 
reasonable certainty that subsequent costs will reduce his figures. 
Any other system adds to his margin of possible error, increasing 
through the whole range of payment-by-result systems until it 
comes to the day-work system which, relying entirely upon the mood 
and quickness of the individual workman, is the estimator’s bogey. 

Suppose in some factory working on a bonus system a continuous 
flow of orders has been executed for a particular article. The 
labour costs have probably settled down to a steadily constant 
figure and the men have regularly earned the same bonus. The 
sales drop off and a final batch is going through the shop—the men 
will be absolutely certain to know about it and, with the best will in 
the world they will all fail to ‘‘ make their time ” and the estimator 
will probably be “‘ on the carpet.” If he is aware of such circum- 
stances approaching he should increase his labour estimates gener- 
ously. With straight piece-work this danger is almost entirely 
avoided. 

The estimator will have to content himself with whatever system 
is used in his factory, for his point of view on this subject is seldom 
considered seriously. He must, however, know exactly what is being 
done and if, as is frequent, more than one system is used he must find 
out the classes of labour—even perhaps, the individual workpeople 
—to which they apply 


Piece-work Records. 


If piece-work is being used, the ratefixers will probably issue 
record cards showing the price to be paid for each operation on a 
particular part. It is necessary—unless the estimating and ratefixing 
offices are adjacent—for the estimator to have a duplicate copy of 
all these cards. He must also know how the prices are made up, 
that is to say, the card must also record the time for the job or the 
labour rate. Then when similar jobs occur—a bolt that is a little 
longer than has been made previously or a casting with an extra 
boss on it—the new estimated price may be based on the whole 
piece-work price; this method being quicker and more accurate 
than re-estimating the whole. 

Day-work Records. 

If some work is paid for by day-rate, it should be possible to 
make similar records of the cost of previous jobs from information 
supplied by the cost office. These records may be conveniently 
recorded on cards of the same size as the piece-work cards so that 
they can all be filed together in one numerical sequence. The 
estimating office will probably have to compile their day-work 
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records for themselves from cost analysis sheets. With regard to 
these cards, they may also be of the same size as is used for recording 
estimates of the factory cost of these particular parts, so that in one 
drawer of a filing cabinet may be found the records of previous 
prices paid for piece-work, day-work, material, and the factory 
costs quoted for the whole, all together and all readily accesible. 


Labour Rates. 


The estimator will of course have information as to all the rates 
paid for different classes of labour throughout his factory. There 
are often lump sum additions to the men’s pay at the end of the 
week—the old Government War award and special bonuses for 
dangerous work, etc. These are not often included in piece-work 
prices but they must be included in the estimate of labour and it is 
usual to insert them as a percentage in the case of piece-work labour, 
but for all day-work they are best merged into whatever hourly 
rate the estimator uses. If all his records are stated in terms of 
time—a method which has many advantages in revising labour 
estimates where a change in the price of labour takes place—then 
his labour rates should all be inclusive ones. By this I mean rates 
obtained by dividing the number of hours worked per week into 
the actual sum paid to the man, including insurance or other stop- 


pages. 
Class of Labour. 





The first thing to be decided when estimating the cost of labour 
on a particular part is the class of labour that will be employed on 
it. In many cases this will be obvious, but where there is any doubt 
the planning department should be consulted or the foreman or 
anyone else who may be ultimately responsible for setting the men 
on. The wise estimator is never ashamed to ask questions! The 
same job is not always performed by the same class of labour. An 
unskilled job may normally be done by apprentices, but on occasion 
it may be necessary to put a skilled man onto it, who, in spite of 
his higher rate and greater skill in other directions is unable to do 
the work any quicker than a boy. This sort of thing can affect the 
costs very seriously, and it is one of the duties of the management 
to ensure that the estimating department knows as soon as possible 
when such a situation arises. 


Times. 


Knowing who is going to do a job and how much an hour they 
get for their work, the estimator on new work has next to estimate 
the time that will be taken. And as this is perhaps his most important 
function I propose to examine the methods he may use for it in some 
detail. If there is plenty of time available in which to prepare the 
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estimate, he should set about the work in the same way as a ratefixer ' 
—-planning each operation to be performed and calculating the time 
to be spent on it. But most estimates are wanted in a terrific hurry. 
The general manager comes in at five o’clock in the evening and 
must have some figures to take away with him on the 8-30 train 
next morning. The sales manager rushes in with a bundle of draw- 
ings and wants a price for a customer who will arrive in half-an-hour. 
So the estimator is forced to use all sorts of short cut methods 
and to rely on his experience to tell him at a glance how long it will 
take to do the work. For extra quick estimating he will not always 
have time to assess labour or materials separately but will have to 
‘jump a price’ on the job as a whole. This I will refer to later. 


Time for Machining. 


Most engineering work begins in the machine shop and we will 
now do the same. Here ratefixing methods are of great assistance 
when there is sufficient time to apply them. The estimator should 
learn all there is to know about “feeds and speeds,” so that he 
may work out machining times correctly. He must know what to 
allow for placing the work in position and removing it, and how much 
idle time to add to allow for the human factor. But he may take 
short cuts when necessary in several ways. Most machining 
consists of removal of metal and the amount which can be removed 
is within limits fairly constant. Heshould find out, therefore, the 
amount of metal that is being normally cut away in different classes 
of machines in his factory per minute or per hour. Then, in ex- 
amining any particular job he can calculate the raw and finished 
weight and divide the difference by this amount. This will give him 
at least some idea of the time required. 


Plan of Shops. 


This reminds me of two practical devices which I advocate for 
every ratefixing office, and which are also of considerable help to 
the estimator. The first is a scale plan of the shops, showing the 
position of machines with a number against each one. This has so 
many uses that I am constantly surprised by not finding it in 
general use. 


Machine Book. 


The second is a companion to the first and is a loose-leaf book 
containing particulars of the different machines—their capacities, 
speeds and feeds, and the records of actual jobs done on them and 
times taken as well as the deduced amount of metal removed as 
mentioned just now. These are filed numerically under the numbers 
of the machines corresponding to the numbers shown on the shop 
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plan. The saving of time by having all this information in the office 
instead of having to go out into the works for it is obvious. 


Filing of Examples. 


The records of previous jobs may alternatively be filed in a differ- 
ent book under more general classification so as to bring all the 
examples of work done on similar types of machines together. 
These records should consist of a sketch of the part, drawn in black 
ink with the main dimensions shown, and any dimensions having a 
special tolerance to them. The machined surfaces should be indicated 
in red. Below the sketch a list of the times taken and any other data 
are inserted. Such examples will be collected as the occasion arises 


‘ in the works, and from the ratefixing, planning, and costing depart- 


ments. To these should be added examples extracted from the 
technical press or from machine makers’ catalogues, always in- 
cluding exact particulars of the machine on which the work has 
been performed. 

It is worth remembering that all the best machine makers at the 
present day will supply planning information and estimated times 
for doing any particular job on their own special machines. The 
estimator may, with advantage, obtain such data on occasion and 
the comparison between this and the records of the work as done on 
his existing machines may suggest a useful addition to the shop 
equipment. 

It is not necessary to say that any times given by machine 
manufacturers are naturally as optimistic as they can make them, 
but with a little experience their correction to the actual production 
conditions existing in one’s own factory is not difficult. I myself 
have received a great deal of disinterested and generous help on 
numerous occasions from the makers of special tools and equipment. 
The estimator should make a note of any information that is likely 
to be of use to him in his work and by carefully and systematically 
filing it he will build up a valuable personal reference book. 


Machine Hour Rates. 


It is the practice with some firms to apportion the machine shop 
overheads to each individual machine, in proportion to the space 
it occupies, the power it consumes, and its depreciation. This is 
generally added to the rate paid to the operator and the total is 
then expressed as a machine hour rate. This method presents no 
special difficulty to the estimator except when, for some reason or 
another, the class of labour is temporarily altered—a contingency 
to which I have already referred. The machine hour rate will, of 
course, be inserted in the machine book I have mentioned. 
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Labour of Various Kinds. 


Outside the machine shops, in which category I include all depart- 
ments where mechanical operations take place, the estimating of 
labour times becomes less a matter of calculation and more a matter 
of experience. But a good deal of useful information can be obtained 
by the application of simple empirical rules and formule derived 
from recorded data. Assembling times, for example, are incapable 
of being reduced to tabular form, although by reference to com- 
parative actual times they may be deduced approximately. 

A useful factor may be obtained by calculating the proportion of 
labour used in assembly to the total labour on the production of the 
parts. If this is done on a number of recorded jobs of the same class 
it will be found that this is a fairly constant figure and its subsequent 
application to new work of a similar class may be adopted with 
reasonable security. Curves made by relating assembling times to 
horse power, weight, area, etc., may also be usefully employed in 
a similar way to those for obtaining factory costs referred to later. 


Labour Material Ratios. 


One other short cut method may be mentioned and that is a 
factor obtained by comparing the cost of material with the cost 
of labour expended in making it up. This will be only of use for 
estimating labour on strictly similar work. For example: a figure 
may be found representing the ratio of labour to material in making 
up galvanised iron tanks which can safely be employed for esti- 
mating the labour likely to be expended on a new tank also in 
galvanised iron of a different size but similar design. Having priced 
the material the estimated labour is thus found immediately. This 
method is largely used in constructional engineering and ship- 
building. 

The estimator must, however, exercise due caution in the appli- 
cation of any of these methods and not use the factor derived from 
previous records for galvanised iron tanks when, for example, he is 
estimating a new one in stainless steel! Nor should such factors 
be used if the design is altered to any extent although even then 
they may be used as a rough check on his estimates. 


Setting Up and Preparation. 


Before leaving the subject of direct labour, a few words must be 
said on the question of setting allowances which has some bearing 
on the remarks I shall make later in regard to the alteration of 
prices for varying quantities. 

Before a machinist can commence work on the actual production 
of parts, he or another workman specially employed for the purpose 
must prepare the machine, setting in position the various tools, jigs, 
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or fixtures that may be required, setting the machine to work 
with the correct feed and speed, and adjusting cams, stops, etc. 
Usually there will be a preliminary trial cut on the work itself 
to ensure that all is in order. In addition to this it will be the duty 
of someone to obtain the blueprints and material from the stores 
and here again it may or may not be the same man who is to produce 
the parts themselves. Some such preparation as this will be found 
necessary on every job whether it is made by hand or on a machine 
and the cost must be included somewhere in the labour estimates. 
It is advisable to price this preparation time or setting allowance 
as a separate item against every operation or against every part, 
for it only occurs once on a batch however many parts (within 
reason) there are in the batch. On the other hand ail other labour 
is repeated for every unit in the batch. The importance of the cost 
of setting up recedes as the quantity of parts to be produced increases 
and in certain classes of mass production it may be almost negligible. 

Coming to the second unknown in the estimating formula— 
material—we find ourselves on firmer ground. 


Quantities. 


Very frequently it is the duty of the drawing office to take out 
all quantities and the estimator being given these has only to price 
them. This work can, however, be done conveniently by the esti- 
mator himself or in large offices by a clerk—preferably an ex- 
draughtsman—whose special duty it is. A thorough knowledge 
of mensuration is required, combined with practical experience 
of its special applications and of certain pitfalls to avoid. Some 
of these pitfalls may be usefully pointed out in a few words of 
warning. 


Hints on Estimating Quantities. 


(i) Avoid putting your rule over a drawing unless you are sure the 
drawing is to scale. Dimensions are sometimes altered and the 
fact that they are therefore not to scale is not always indicated. 

(ii) Drawings are not always of full size. In factories where most 
of the parts produced are small and the drawings are, in conse- 
quence, usually of full size, the unusual appearance of a large 
part drawn to half its full size may easily pass unnoticed by the 
man who estimates his material with a superficial glance. This 
may seem monstrously absurd to the production engineer, but 
it is a common mistake and one easily made in the estimating 
office when getting out the material of a large number of detail 
drawings in a hurry. 

(iti) Remember that the actual area of a part which is drawn to a 
scale of one quarter full size is sixteen times the area shown on 
the drawing. 
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(iv) Remember to allow for waste in parting off and chucking bar 
jobs, in machining castings, and for test pieces. 
(v) Large parts cut from sheets or long parts cut from bar or tube 
in special materials often involve wastage of nearly 100 per cent. 
Find out the sizes of material which are being actually purchased 
and ascertain whether it is possible to obtain them cut to 
special dimensions which would avoid this waste, even at some 
slight extra cost If the wastage is unavoidable in any such way it 
should be charged direct to the job in question. 


Pricing Materials. 


The prices paid for most materials will be obtained from the 
purchasing department and should be recorded on cards for prefer- 
ence, always recording the date of purchase. The estimator must be 
aware of any inter-trading agreements affecting the prices of propri- 
etary articles which he has to include in his make-up. He must also 
know what discounts apply to standard price lists issued by manu- 
facturers of sheets, tubes, or other materials. The accumulation of 
such information is not difficult nor does the systematic recording 
of it require any special comment. 

The actual pricing of the estimates for material may be done in 
either of two ways. Either by pricing and extending each individual 
item and totting up these extensions and so arriving at one grand 
total for material, or by adding up all the quantities of like materials 
and pricing each total quantity at the end. Thus we would say 
there were two and a half tons of cast iron in a certain machine at 
an average price of castings of twenty-three pounds per ton, or 
fifty-five pounds of steel sheet at 6d. per lb. This is a less accurate 
method than that of pricing each individual item separat>ly at the 
individual price which is strictly applicable, but where the same 
types of machines are constantly being repeated, and estimating is 
a matter of revision, it forms a very quick and ready method of 
bringing the old price up to date. 


Contributory Materials. 


It is axiomatic in any estimating or costing system to “ charge 
direct ’’ whenever possible, and there are a number of cases where 
materials could and should be charged to the job, although they do 
not necessarily form part of the finished product. Such materials as 
welding wire and gas for welding, grease for stuffing glands, etc., 
are examples and although their cost is frequently recovered in 
overheads or by a percentage addition, it should, in my opinion, 
be inserted against direct material by the estimator, even at the 
expense of a little extra trouble. 


627 











THE INSTITUTION OF PRODUCTION ENGINEERS 


Material Credits. 


There is an occasional credit item in the estimates of material 
such as that obtained from the sale of the swarf or other scrap and 
if this should be of considerable value it is worth while to deal with 
each job on its merits. 


Overheads. 


On the subject of overheads or oncost itis not my present business 
to dilate. When a factory concentrates upon the production of 
large quantities of a few types only, there is time and opportunity 
to establish many refinements in the system of costing. In such a 
factory local apportionment or machine rates, with consequent 
improved distribution of overhead expenditure may conveniently 
and usefully be carried to extreme lengths. But in those factories 
where a large diversity of types is produced in comparatively small 
quantities, it may be preferable to recover the burden by means of 
the usual percentage addition to labour, with a due regard to any 
obvious organic division. A small motor lorry factory, producing 
vehicles to customers’ requirements, would be such a case where 
different percentage overheads should probably be applied in the 
wood-working and metal-working sections. 

Overheads are all those items of factory expenditure which 
cannot be charged directly to any particular job. They therefore 
cannot be estimated for any particular job. All that can be done is 
to analyse such expenditure as has taken place in the past and, 
assuming that a proportionate expenditure will take place in the 
future, make due allowance for it in the estimates. 

The valuation of overheads depends entirely upon the examination 
of past records and this should not be the duty of the estimator but 
of the cost accountant. It is, therefore, for the cost accountant 
to say what method should be used, but he should bear in mind that 
the adoption of the simplest method which is financially sound will 
lighten the work of the estimator as well as that of his own depart- 
ment, although the consequent records may not look quite so 
important or complicated. The estimator, of course, must be kept 
informed as to the exact recovery he is expected to make and the 
method he is to use. 


Development. 


There is, however, one section of indirect—or more correctly 
semi-direct—expenditure which is peculiarly the concern of the 
estimator as its apportionment is a purely technical matter. I 
refer to development expenses which broadly cover the cost of 
drawing office work, pattern making, jigs and tools, and in some 
cases, the expenses of an experimental department. Much of this 
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work is carried out before any inquiry or order has arisen and although 
its cost can be merged into a general account and recovered in the 
same way as overheads, it is sound policy to charge it to a develop- 
ment suspense account which it is the duty of the estimator to 
relieve as and when he thinks fit on subsequent orders. Even 
when an inquiry has been received involving special drawings, 
patterns, or tools, it is frequently necessary to charge only a portion 
of their cost in the estimate and charge the remaining portion to 
this suspense account and recover it later. 


Profit. 


With regard to profit I do not consider that this should be the 
concern of the estimator at all. In many firms the price actually 
quoted to the customer is never known to the estimator, and although 
as I have already said, it is advisable for him to have all the infor- 
mation connected with his quotations available to him, I think the 
sales or contracts manager is the proper authority to decide how 
much profit should be charged. 


Complete Estimates. 


We have already seen that estimates are divisible into three 
characteristic groups and the methods we have so far suggested may 
be used for pricing those in the first two groups. 

(i) Where they are for repetitions of previous machines ; 
(ii) Where they are for new work for which the fullest information 
and detail drawings are available. 

These methods will not, however, be of much use when estimating 
work of the third group, namely :_ new work which is still in embryo 
—where only a few notes and design sketches can be obtained and a 
specification which describes the size and the performance required, 
and little else. This is the kind of estimating where that sixth 
sense I mentioned must be called into play, guided and restrained 
by various check methods, such as I am about to describe. 


Component Valuation. 


He would be an exceedingly clever man who could estimate the 
cost of a complete machine of new design by looking at it as a whole, 
but if he has had experience he may be able to value each component 
part or sub-assembly of parts with reasonable accuracy and by the 
law of averages the total of these component estimates should be 
still more accurate. The law of averages is indeed the estimator’s 
best friend, and by sub-dividing his estimate into a large number 
of parts there is a tendency for his errors to cancel each other out. 
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The greater the sub-division the greater is the likelihood of accuracy ; 
always assuming there are no arithmetical errors. 


Contingencies. 


It should be borne in mind, however, that the estimator may leave 
something out that is wanted, but never puts anything in that 
isn’t wanted, so that is he always working with a bias towards a 
low estimate. This he corrects by the addition of an amount for 
contingencies and where his information regarding the work to be 
done is meagre—such as we are now considering—the allowance for 
contingencies must be correspondingly generous. 


Comparative Estimates. 


Whenever past records are available the estimator should analyse 
these and tabulate them as far as he can, so that he has available 
the previous costs per pound of structural weight, or per horse 
power, or per gallon, or per square foot, or per what not. These 
prices, if used with common sense, will be a valuable guide to the 
cost of different sizes of machines of similar types. The examination 
of such figures in the form of curves on squared paper is to be 
strongly recommended. If the data points lie on a mathematical 
curve then the price of an intermediate size may be safely interpo- 
lated. If the points do not lie on a curve—indicating that some 
radical difference occurs in the production methods of the different 
sizes, then the interpolated figure must be used with the utmost 
caution. In the same way due respect must be observed in attempt- 
ing to estimate by extrapolation as the production of a size outside 
the previously manufactured range, either larger or smaller, may 
lead to the adoption of novel manufacturing methods whose costs 
bear no relation to the old methods. 


Variation of Price for Quantity. 


In those factories where manufacture is always for stock—that 
is, where budgetary control is the rule—there will be no need to 
alter the quantity of parts going through in batches, and prices 
will not fluctuate very much. But there are a number of factories 
which receive contracts for varying quantities and by reason of the 
peculiarity of the design, or expense or rarity of orders, find it 
impossible to satisfy these contracts by stocking standard parts or 
machines. In these cases the orders placed in the shop may vary 
within wide limits from unity upwards, and the estimating of prices 
must provide means whereby this variation in quantity may be 
covered. I have devised a method of dealing with this problem ina 
simple way which frees the estimator from the task of revising his 
prices whenever the quantity is altered, provided that the process 
of manufacture remains the same. 
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The variation in price is almost entirely dependent upon the length 
of time occupied in preparing to start manufacture, as I have 
already mentioned when discussing labour. It is for my present 
purpose convenient to call this time “* setting allowance,”’ for this is 
a term familiar to most of us. Actually the time we are concerned 
with may be longer than that usually associated with this term, 
for it must also include an allowance for the workman on piece- 
work to get into his stride or to become familiar with the pecuiiari- 
ties of the job in question. 

Supposing the setting allowance costs 8s. Od. and the subsequent 
manufacture of each part costs 12s. 0d. Then the price of the part 
made by itself will cost one pound. But the price of two would be only 

8 
— + 12 = 16s. each 
2 
8 
while for n parts it would be 





+ 12 each. 
n 

In the system I have instituted the basic quantity adopted is 
forty. Forty has been used as representing an av erage number of 
parts in the batches going through. Its actual value is unimportant 
though it must be adhered to when once set. Every price that is 
estimated is calculated with reference to this quantity and the per- 
centage of setting allowance to the total cost of forty is recorded 
against it. 

This percentage I call the “ index” figure. Thus, if the selling 
price each is 100s. Od. and the amount of setting allowance included 
in this price is 2s. Od. for each, then the index number would be two. 
You will appreciate the necessity for establishing a basic or standard 
quantity by examining this example a little further. 


The total cost of setting up is 2s. 0d. x 40, or 80s. Od. and the 
cost of actually producing each part, subsequent to the setting up, 
is 100s. Od. minus 2s. Od., or 98s. Od. Thus the cost of making one 
part only would be 80s. Od. plus 98s. Od., or 178s. Od., and if ‘* one ” 
were our standard quantity instead of *‘ forty,’ the index figure 
would be 45 (80s. Od. being practically 45 per cent. of 178s. O0d.). 
This explains why the index figures are all calculated in reference to 
the assumed manufacture of 40 units and I have had correction 
tables prepared giving a series of correction factors for different 
quantities on this basis. 

From our example it will be seen that 1.78 is the factor for a 
quantity of one when the index figure is two, and given the price of 
any part calculated on the“ 40 off”? basis, whose index is two, we 
know that the cost of one going through by itself will be 1.78 times 
as much. 
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The tables of factors are all worked out in this way, which may 
be expressed by the formula : 


p = P— PC 2 PC 
a a 
100 5 n 
where P is the standard price each in batches of forty 
p is the price each for a batch of n parts 
C is the index figure. 

By issuing all prices from the estimating office on the“ 40 off ” 
standard, and also giving the index figure, it is possible for the sales 
or contracts departments to correct these prices for any quantity 
by reference to the tables. 

The tables give factors for every digit up to ten, but from then 
onwards—as the rate of decrease in price becomes less—it is possible 
to group them. Thus 11 and 12 off are treated as 10. Between 13 
and 19 as 15. From 20 to 30 as 25, and so on. 

The index figures range from one to 50. The low numbers-occur 
on work which is largely done by hand, while the larger numbers 
occur on machine work. Press tool work, where several hours 
may be spent in preparing the machine and the subsequent pro- 
duction of each part is only a matter of seconds or minutes usually 
has a very high index figure, but in the particular factory where 
this system is being used it has not yet been found necessary to use 
an index figure higher than 50. 

So far as I have described this system, it only holds good when 
the method of manufacture is the same for any number of parts and 
two prices must, of course, be given by the estimator if one method 
of production is used for small quantities and a different method 
for large quantities.* 





Forms of Estimating. 


Coming back to the estimating office, I have already suggested 
the use of cards for recording piece-work prices and other data. With 
regard to other forms it would be best for these to be drawn up in 
relation to the system in operation in the estimator’s own works. It 
is usual to have some form of ruled sheets for actually laying out 
the estimates and the simpler these are the better. 

I have here an estimate form which comes from across the Atlantic 
and which has space for over 1,000 entries under some 80 different 
headings. As a memory-tickler to keep on one’s desk to remind one 
not to omit some essential detail of the estimate it has much to 
commend it. But for practical estimating I prefer a simple form 





*See Appendix, page 678. 
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with vertical ruling for labour and material and if the system calls 
for it, one or two other columns for overheads, etc. 


Sketches. 


When tackling a new drawing, it is a great help to make isometric 
or perspective sketches of the outlines and details of the parts. 
These should be attached to the estimating sheets. Such freehand 
sketches are not difficult to produce with practice at least of suffici- 
ent accuracy to give a pictorial suggestion of the finished part. Their 
execution necessitates a thorough reading of the drawing and results 
in a comprehension in the shape of the part second in value only to 
a view of the actual part itself, which is frequently not yet available. 
Weight calculations should always be accompanied by a sketch and 
the sheets on which the work is carried out may be filed in loose- 
leaf form, if they are likely to be needed again. But usually actual 
weights will be available before a repeat estimate is wanted and it 


is then convenient to attach the weight calculations to the original 
estimate sheet. 


Filing Information. 


The estimator will collect all kinds of information if he is inter sted 
in his work and he may store this in any way to suit himself. He 
should, however, adopt two rules : 

(i) Never to record information or file records which are not likely to 
be used. We have allseen the little boy at the exhibition struggling 
under a load of catalogues which he has collected from the stands 
Neat rows of files and card index cabinets have a similar fasci- 
nation to grown-ups and we must all beware of this childish habit 
of collecting data which may be valuable to somebody else but 
are useless to us. 

(ii) Every scrap of information which is retained should be instantly 
available. Recorded data without an index system are of as 
much use as a tin of salmon without a tin-opener. Records, 
therefore, which are never wanted or which cannot be found 
when they are wanted, are better scrapped. 


After the Estimate. 


We have now had a glimpse at the methods used in estimating 
but it is not sufficient for the estimator to submit a quotation and 
then file his copy away and forget all about it. If he intends to 
succeed in his profession and develop that sixth sense I have already 
mentioned, he must keep an eye on the job whenever he possibly 
can as it goes through the shops. He will then see where the actual 
production methods are differing from those he imagined ; for 


they will differ on any but the simplest and most ordinary routine 
jobs. 
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Finally, he must receive the actual cost figures on every job and 
if these differ from his estimate to any appreciable extent he should 
analyse every item until he finds exactly where he went astray. 
Even if the total cost figures agree with his estimate he should, if 
the job is a new one, and if he has the time, compare the details 
of the two sets of figures, for often there may be fair agreement in 
total but a wide disparity in the component figures. This is the way 
to increase our estimating knowledge. In no profession is ‘+ more 
true to say that we may profit by our mistakes—I am speaking of 
estimators and not of the firm. Actual cost figures that differ from 
the estimates should never be accepted without this close exam- 
ination. Even the cost office makes mistakes—not usually mistakes 
in figures or calculations but mistakes caused by a flaw somewhere 
in the recording system. 

Suppose a shaft which is being manufactured for an engine on 

Shop Order A.1 is scrapped, and the engine being wanted in a hurry, 
a shaft is taken from another Shop Order B.2, and a replacement 
haft made later to complete the second order. Such a situation 
vmmonly occurs in most shops and the system of records is usually 
quite capable of dealing with it. Unfortunately the foremen and 
charge hands do not always appreciate the reason for meticulously 
following the system and I have known cases in factories where the 
cost office in consequence charged two such shafts to one engine 
order and no shaft at all to another order. The cost office cannot be 
blamed for this as their staff are not technical people and it is there- 
fore no business of theirs if an engine has two shafts or none at all. 
I am of the opinion that the staff of every cost office be recruited 
from those who have, at least, some technical knowledge. 

We have now surveyed the field of estimating; rather briefly 
and sketchily. But we have seen something of the different ways 
by which the three unknowns, labour, material, and overheads, are 
brought together to make up a complete estimate. It all sounds 
rather easy but the accuracy of the results depends upon the careful 
and patient accumulation of large numbers of often insignificant 
details along devious but converging paths. Sometimes the paths 
become a maze in which it is easy to lose one’s way. The Chancellor 
of the Exchequer has been lost in it before to-day. With all the ex- 
pert assistance of the whole nation at his command, even he can 
never be certain of coming out on the right side with his estimate 
of the cost of running the Governmence machine. 
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ESTIMATING. 


Paper presented to the Institution, Lion, Bedford and 
District Section, by A. Perry-Keene, M.1.P.E. 


AM glad to have the opportunity tonight of addressing you 

I on the subject of “ Estimating.” It is one of absorbing 

interest. Historical reference is not out of place, and those of 

the older generation who are in the room can back up my remem- 
brances. 

In those older days it was quite customary for the operator 
himself to plan out the method of machining or treating the various 
parts of the proposed product. Frequently he also made his own 
tools, ground them to suit his ideas, rigged up various tackle and 
so forth. After more or less leisurely progress through the shops 
the various parts were assembled, and the product arrived in due 
course. ‘The accountant later announced the fact that it had cost 
such and such an amount, from which a sales figure was arrived at. 

Such an atmosphere could only bring one result in its train. 
Alert-minded individuals of many nations sought for order out of 
chaos, as it became evident that if volume of production was to 
increase in an orderly manner coupled with growing prosperity, 
closer methods of measurements of markets and analysis of require- 
ments were urgently reyuiced, together with other and more rapid 
methods of accounting. Practically all the precedents which guided 
the older generation in conducting old-time businesses were swept 
away during or immediately after the Great War. 

To-day we can say that a new age has arrived, perhaps somewhat 
to our momentary confusion. Estimating has assumed an importance 
scarcely yet realised. Flow of production must be so rapid, 
synchronisation of material supply so exact, that estimating must 
need cover a field that goes far beyond the confines of the ‘actory 
only. We may now survey some of the requirements of to-day. 

Before reliable estimates can be made, a clear view is necessary, 
as to the continuity or otherwise of the market for the proposed 
product. This is obviously a logical proceeding, as unless a review 
and research of such a market can be both used and relied upon to 
point the way with confidence, stagnation instead of development 
is likely to ensue. 

We will assume that an undertaking has confidence in its own 
system of market research ; such being the case, full play can be 
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given to the forces of “ estimating,” which to-day has assumed a 
new meaning, in that estimates are clear-cut plans based upon 
kiown and measured factors, backed up by continuous and 
aggressive analysing and accounting, rendered possible by the 
office machinery now available. 

Modern methods have reacted upon costing as previously 
applied. Long before an article is made, its cost can now be 
determined. It is no longer necessary to find the cost after the 
event ; instead, executive energy can be applied to seeing that a 
pre-determined estimate is being faithfully followed all the time. 
Under these circumstances the financial result is a certainty. 

How can these results be brought about ? If instead of “‘ estimat- 
ing” part costs in individual blocks, we have a reliable indicator 
as to how much each separate operation must not exceed, and 
think in terms of individual contribution of profit of each operation 
to the whole profit required, we instantly become aware of any 
weakness of plant facilities or other difficulties which obstruct 
necessary progress. 

If we study the clear-cut strata of exchange possibilities, that 
is, markets, we must acknowledge it as evident that purchasers do 
in effect dictate the list prices at which they will trade with us. 
Therefore it is no good owning a plant that produces an article at 
£5 to cater for a 50/- buyer. We can accept the fact that a study 
of this position gives us in advance the required cost of each opera- 
tion. So we can with certainty lay out that cost (the alternative 
is commercial dissqlution, if the cost be too high). Therefore with 
this “‘ anticipatory costing ’’ we not only dictate the cost that has 
to be reached, but indicate the range and type of plant that must 
be employed, thus avoiding any possibility of disastrous losses 
through lack of appreciation of the facts as they may be. 

Since the war closed there has been a profound modification of 
the respective incident of labour and oncosts in production. Here 
is a table which shows the variation in the cost of a similar article, 
the first being made under the older method, the second on a 
modern plant. The figures are actual, not estimates. 


SHEET METAL WORK. 





ORIGINAL METHOD : Cost in 
Per cent. Pence 

Labour ... ae 83.30 es 72.50 
Oncost ... wee 16.70 Pi 14.50 
100.00 87d. 





Cost of this Unit 7s. 3d. 
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Cost in 

PRESENT Metuop: Per cent. Pence 
Labour ... aw Bae ar 4.52 
Oncost ... oo 71.75 att 11.48 
100.00 =: 16d. 





Cost of this Unit Is. 4d. 


It is noteworthy that operators earned more than twice as much 
in their pay-packets as before, despite the low incident depicted, 
the reason being that the lower list prices brought about by the 
new method amplified sales over twenty times. When estimating, 
every attention must be paid to this changing position. With 
modern methods oncost tends to rise greatly in volume, yet the 
charges per piece retire in amount. Labour incident, it will be 
seen, is greatly lowered, but in practice it is found that earnings 
tend to be more than twice the amount obtained in the past. 


In our own practice Power analysing machines are extensively 
employed to indicate the position of affairs at all times. In one 
case, for instance, a buff-coloured card is used if all resultants are 
as good or better than the operating plan. If any difference is 
detected showing that this or that operation is below par, that it 
is not making its scheduled profit, a red card is substituted, with 
the result that all interested parties are kept aware of this, and every 
effort is directed toward rectifying it as quickly as possible. 


It is not sufficiently recognised how much an article can vary 
in cost from time to time, owing to the incident of oncost. Really 
rapid analysis can be invaluable in a case like the following (an 
actual observation) : 








10- Oa.m. Tuesday Labour... 32.14 Percent. 4.50 Pence 
Oncost ... 67.86 * 9.52 

100 00 ,», Cost, say, ls. 2d. 

11-30 a.m. Same day Labour... 22.50 Percent. 4.50 Pence 
Oncost ... 77.50 uM 15.23 

100.00 ,», Cost, say, Is. 8d. 

3- O p.m. Same day Labour... 16.67 Percent. 4.50 Pence 
Oncost ... 83.33 ee 22.34 


”? 





100.00 », Cost, say, 2s. 3d. 
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Here we have a cost variant of no less than 93 per cent. due to 
uncontrolled oncost—an example of how greatly increased vigilance 
is required on the part of the executive of to-day. 

As I stated a moment ago, oncost tends to attain an apparently 
dangerous volume under to-day’s trading conditions, due mostly 
to highly specialised and costly plant, requiring specially trained 
individuals to maintain it, progress and accounting methods to 
assure synchronisation and flow of material, and therefore output, 
high-pressure advertising and selling, and so on, difficulties more or 
less unknown to our grandparents. Yet that volume need not be 
feared, and is in itself a root cause of really cheap production, as 
it represents full provision of facilities for manufacture or handling. 
This volume becomes a danger if ineffectually handled. 

We may now with advantage refer to the necessity of some form 
of budgetary control. Whatis meant by that? Budgetary control 
as now being applied is more than an assembly of estimates. Based 
upon actuarial averages it discloses a method of anticipating events 
and arranging their happening in logical order, and at the right cost. 

In the case of the company I represent, this is done by obtaining— 
in the first place—a clear view of the market possibilities of the 
proposed product. An actuarial view discloses the trend of sales 
of each model, according to the list price which must be reached to 
command “strata of exchange.” Having obtained—with the aid 
of agents’ opinions and that of our own field force—a general 
“* picture,” that is then tempered by the company’s average ex- 
perience and so produces a reliable view of the market which can 
be reached. Instead of money the company thinks of time in terms 
of minutes and not hours, weeks, or months. As there are 140,000 
minutes in a working year—daylight shift—the whole problem of 
producing the several types is transformed into minutes of work 
to be done by the various production and process types throughout 
the factory. 

The relation between minutes and the working plan having been 
established, material can be flowed down the lines in correct pro- 

portion, using the minimum of stock. As the budget discloses 
the price at which material must be obtained, as well as the cost 
at which it must be operated upon, a constant mechanical analysis 
of the known plan acquaints everyone—all the time—with the 
position successful—hesitating—or failing—so that there is no 
excuse for failure to reach the desired target. 

When it is realised that raw material as such is a free gift from 
nature—as an instance copper ore lies under the earth at man’s 
disposal, and it is not until he begins to win it that any costs arise, 
due to digging, transporting, etc., it becomes evident that esti- 
mators must be more than careful how they accept this cumulative 
cost as being justified. Incorrect executive or operative methods 
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add to original free gifts or low figures, piling up a final cost structure 
so high that it may result in an entirely unsaleable product. This 
only happens because each cost increment is of the wrong magni- 
tude. For instance, in transporting, a measure of cost of three 
is added instead of one, and the same sort of thing happens to 
manufacturing and processing. Cumulative costs of this degree 
render enterprise self-destructive. The thinking estimator can 
frequently foreshadow more efficient methods, the effect .of which 
will reduce cumulative expenses to the right proportiofis; and so 
find a market instead of missing it, which emphasises the fact that 
“ estimating ’’ should cover a very wide field, instead of—as only 
too frequently—a local one. 

The logical, conclusion therefore, is that a master document 
controlling and co-relating all activities of an undertaking is a 
necessity, otherwise estimating will in fact be “local” only, not 
necessarily agreeing with and aiding the grand plan, which for lack 
of a better title we at present call “‘ the budget.” 

In closing, let us look to the future, and realise that if we are to 
raise our standard of living—as each one of us desires—it will be 
helpful to think in terms other than money, which after all is but a 
token of work done, and a means of easy exchange. But let that 
exchange possibility cease—where are we then? Money would 
become useless and unwanted. Therefore our only salvation is in 
ever increasing services, freely exchanged by both individuals and 
nations. Estimating comes in by helping to attain suitable costs so 
that exchanges can take place over the greatest possible range. If 
production engineers will think in these terms and apply them, they 
will do a great service to Great Britain, and be an ever present guard 
against difficulties which sometimes appear to be about to engulf us. 





639 




















THE INSTITUTION OF PRODUCTION ENGINEERS 


ESTIMATING METHODS APPLIED TO 
PRODUCTION ENGINEERING. 


Opening contributions to Discussion, Yorkshire Section, 
by F.T. Nurrish, M1I.P.E., and R. J. Mitchell, MJP. 


By F.T. Nurrish. 


" HAT is meant by the term ‘ Estimating’?”’ I am sure 
W that many of us will be inclined to say ‘‘ guess work,”’ 
because all who have been responsible for estimating 
must have been guilty at some time or other of making a wild 
guess, particularly when tackling problems involving new processes 
where no data is available. It often puzzles me how estimates have 
been built up for such great works as the Sydney Harbour Bridge, 
London Underground, and other similar constructions too numerous 
to mention, where unforeseen difficulties are bound to arise, and 
whatever allowances are made for contingencies, there are always 
natural difficulties to overcome, which cannot be foreseen or 
estimated by anyone. Nature often makes her presence felt when 
least expected, and consequently a certain amount of guess work 
is bound to enter into estimating works of this kind, making it 
impossible to estimate scientifically for all contingencies, although, 
of course, experience is bound to tell its own tale. On the other 
hand, there are many products which can be estimated with 
extreme accuracy, especially the production of articles when full 
automatic machinery is employed, and times can be estimated to 
split seconds owing to the fact that very little assistance is required 
from manual labour, and guess work therefore entirely eliminated ; 
but I think it will be agreed that estimating is a very involved 
subject, as there are so many variations. 
‘“* Who makes Estimates?’’ This is a very debatable point, and 
I think that in many organisations the estimator is often an individ- 
ual who has been recruited from the commercial or clerical side of 
the business, with perhaps little or no engineering training, and to 
my way of thinking, an estimator, to be successful, must be an 
individual who has been trained both on the practical and clerical 
side, and in the course of his activities be in close touch with the 
production engineers, cost accountant, buying and stores depart- 
ments. His work should not be influenced by the sales organisations, 
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as estimates should be unbiased and as near as possible true figures 
of how much the job is expected to cost without any profit being 
added. I also think that the works management should be in 
close touch with the sales department and directorate to fix selling 
prices, as we all know that supply and demand, combined with 
many other things, influence the selling price but should not influence 
the estimate of costs. The estimator, therefore, should be the man 
who provides the meat of the estimate but not definitely fix the 
selling price, as he cannot have all the necessary information to 
do so unless, of course, the organisation is a small one. 

I wish to put forward the following scheme for preparing estimates, 
which dispenses with a separate estimating staff, and I think the 
scheme might be easily applied to any production work, with, 
of course, variations according to the nature of the work, but the 
principle could be the same. There is not sufficient time to-night 
to enter into any detail but I will outline the scheme as follows. 

As the works manager is responsible for the output and the cost 
of the products made in any works, surely the responsibility for 
all estimates should come under his control, and if the works 
manager controls, as he should do in any well organised establish- 
ment, the design department or drawing office, works accountancy, 
stores and buying departments, production and progress depart- 
ments, I think that he has the fundamentals at his disposal for 
obtaining the necessary data for correct estimates, and suggest 
that sound estimating can be accomplished in the following 
manner. 

In most organisations it is generally a request from the sales 
department to the works, calling for an estimate for any special 
products which are not listed at standard prices in their catalogues, 
and in my opinion the sales department should advise the works 
manager and furnish him with all the particulars and special 
instructions that they have obtained and discuss with him fully 
their opinion. The works manager should then define, in conjunction 
with the drawing office and designing department and the production 
engineers of the departments concerned, the methods of manufacture 
to be employed, and if any new plant should be required, the works 
manager would discuss these points with the directorate. 

With the designs completed according to plan, the production 
engineers would either work out or have worked out in their 
department, the estimated production times only, of the products 
in which their particular department is interested, and on completion 
have this information sent to the works accountancy department. 

At the same time the purchasing department should be furnished, 
by the design department or drawing office, with particulars of all 
special material and parts that will be required, not manufactured 
in their own works, to enable estimates to be obtained which, 
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when received, should be forwarded to the works accountancy 
department. 

The works accountancy department will then co-ordinate all 
the data received and for standard products and materials obtain 
current prices from the stores department, any weight calculations 
being obtained from the drawing office. The estimated cost of 
jigs and tools, patterns, etc., will also be handed to the works 
accountancy department by the various production departments 
concerned. 

The works accountancy department will then prepare the estimate 
in full detail and cost each operation showing the estimated net 
labour and net material cost, and alongside, the estimated labour 
cost and material cost with full overcharge figure added but no 
profit. The estimate when finished in this form should be handed 
to the works manager for his final scrutiny and approval. The 
works manager should then confer with the sales department, 
and, where necessary, the directorate, to fix the amount of profit 
and other charges to cover contingencies, etc., and the sales depart- 
ment should then prepare the estimate in its final form and forward 
it to the customer. By utilising a scheme of this description, the 
people who will be engaged in the production of the article have 
also been responsible for providing all the details for the estimate, 
and therefore a true estimate should have been made. From 
experience, I can say that this scheme of preparing an estimate 
operates quite successfully in a works employing about 1,000 people. 

* Are Production Engineers interested in the subject of Estimating ?”’ 
As you will note from my previous remarks, to obtain correct 
estimating it is essential that the production engineer be utilised 
to the fullest possible extent, particularly as regards his scientific 
knowledge of estimating accurate and rapid production times, and 
type of plant to be utilised, etc., as if manufacturing times estimated 
are incorrect, the estimate can never be a right one, particularly 
when the estimate is for a large quantity of articles. 

I often think that some production engineers are somewhat 
reluctant to interest themselves in the clerical side, and this, to my 
mind, is a great mistake, as it is only by close collaboration between 
works and commercial departments that good results can be achieved 
as many estimates are not arrived at by careful calculation and 
thought but are made in many cases by obtaining a competitor’s 
price and quoting a price slightly below in the hope of being able 
to make ends meet by paring down should the order be obtained. 
That is quite understandable, in these days, when business is 
difficult to get and there is great competition, and it is a very hard 
problem to solve, but if firms who are engaged in production all 
definitely stated their minds and produced estimates which were 
reliable, this would no doubt soon influence industry as a whole. 
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By R. J. Mitchell. 


‘No method exists which answers fully the question of cost in 
the future tense.” Most engineers would agree with Mr. Reynold’s 
dictum, but happily engineering, like everything else in life, is based 
on judicious compromise. Estimating is also akin to prophesy— 
it can be true or false, but engineering estimators, however just, 
are all likely to fail to receive honour in their own business— 
from one side because they are too low, and from the other because 
their figures are too high. In fact, between the views of the sales 
and those of the production section, his lot is not a happy one, but 
if he is a man of knowledge, conviction, and energy his findings 
will prove to be the salvation of a business when times are bad 
and a sure guide to more and sounder orders when conditions are 
more normal. 

The vast and intricate array of the mechanical industries com- 
prises such contrasts in the type of skill required and of plant, 
process, and product, that our discussion this evening cannot 
validly go beyond a review of general principles, even if those here 
had command of the gigantic sum total of knowledge covering the 
British industrial machine. 

Broadly, however, we may divide industrial production into three 
fairly well defined groups. First, we have those dealing with mass 
production either of a machine (sewing machine, bicycles, cars, etc.), 
then mass production of a product (bricks, gas, iron, heavy chemicals, 
paper, etc.), and thirdly there are the establishments where, although 
the product may all be described under one general title (machine 
tools, printing, tubes, cloth), yet practically every order which ever 
arrives is unique in some discriminating respect. 

Now, it is these last kinds of production which impose the severest 
strain on the estimator’s art, for be sure that without some sort of 
nous, flair, instinct or whatever you may call good judgment, the 
estimator can never achieve a full measure of support to his firm. 

What kinds of knowledge should the estimator have at his 
command ? Note that I do not say “should possess,’ but have 
at his command—that is, freely accessible when required. I believe 
all engineers or other technicians, including commercial men, 
will agree that in order to build up trustworthy estimates the 
following is a bare minimum of structure—facts which must be 
at the estimator’s disposal. 

First, a clear, complete, up-to-date statement of how the product 
is made, sub-divided into steps at every point where discontinuity 
in the process takes place. 

Secondly, sets of tables showing process times in relation to some 
standard quantity of performance for every operation that may enter 
into the estimate. The preparation of such tables will in many 
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cases represent an enormous amount of arduous labour, but it will 
often be possible for a general average figure to be applied based 
on an analysis of job cards or checkers’ price-work figures obtained 
on work done in the fairly recent past. Time studies are also 
invaluable. 

Thirdly, a comprehensive list of previously ascertained costs 
(labour and material) on detail parts or partly manufactured products 
which enter into or form the working material of the product the 
price of which is being estimated. The compilation of such a list 
as this should be controlled by some senior official who endorses 
the card before it becomes valid for estimating purposes. By this 
procedure the relatively ancient history of many cost departments 
may become useful ‘“ news’ to the estimating department. 

Fourthly, a first ¢lass working knowledge of * in stores ’’ cost of 
every item bought from outside suppliers. For this condition a 
close contact with the work of the purchasing department is indis- 
pensable—and in many cases the estimator will direct the activities 
of the purchasing department by supplying them with specifications 
of anticipated purchases so closely defined that short of writing out 
the order the purchasing department’s activities are a minimum. 

Fifthly, the estimator should have at his disposal the advice of 
the work’s financial accountant whose close study of the difficult 
subject of fluctuating and fixed overhead charges should enable 
these oncosts to be imposed with more discretion than is represented 
by, say, thinking of the number 150 per cent. and applying this 
irrespective of whether the product in question is made in a depart- 
ment where, say, £50,000 of new machinery has just been installed 
or in one where all the plant has been written off and therefore real 
overheads stand at an absolute minimum. This is a highly con- 
troversial subject, the bane of many if not most works managers’ 
lives. 

From the foregoing remarks it will be obvious that the functions 
of the estimator are cardinal and that the larger the scale of 
operations of a company or the more costly its product the more 
vital becomes the necessity for the estimator to be selected from 
the ranks of thoroughly trained calculators or engineers. In the 
higher walks of engineering where products such as turbines, boiler 
house installations, large bridges or capital machine tools are the 
output of the concern, the chief estimator’s job is one of extreme 
responsibility, since failure means either no orders or a ruinous 
loss which may counterbalance the profit on months of output. 

Even with the greatest experience to back him, the job of the 
estimator is beset with pitfalls and heavy losses may be the reward 
of the successful completion of a world-famous job, such as was 
reported of the Sydney Harbour Bridge, for example. In normal 
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factory output, however, there is vastly less excuse for this kind 
of outcome, since the job is much more amenable to a compre- 
hensive lookover by the mind’s eye and precedent is available 
to serve as a measure of the cost of the components comprising the 
total. 

There are many establishments where a passion exists, and 
indeed is allowed full play, whereby complex and detailed statistics 
of sales matters occupy the attention of the cost and accountancy 
departments. The writer ventures to assert that if a majority of 
this calculational energy were capitalised in compiling data on 
production processes in their manifold phases, this transfer of 
activity would react greatly to the benefit of such businesses. 
Since a business lives mainly by what happens now, its main interest 
should be focused on taking all possible steps to concentrate on 
getting the maximum even flow of output within its capacity. 
Good estimating is one of the most important helps towards the 
attainment of this objective, and continuously good estimating is 
rarer than evenly good designing, because on the whole it is more 
difficult. 
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ESTIMATING METHODS. 


Opening contributions to Discussion, Glasgow Section, 
| by James Wright, M.I.P.E., and J. Maxwell. 


| By James Wright, M.I.P.E. 
| rr methods are many and varied; indeed, no 


two firms will work upon the same lines or even use similar 
) forms for the purpose of compiling information to arrive 
} at the price at which an article can be produced and marketed. 
i] With modifications to suit the individual requirements of a 
particular set of circumstances, however, the aim of all estimators 
is a common one. It is his duty to compile accurately all the 
expenses incurred in preparation, manufacture, and dispatch of a 
stated product, including incidentals, to enable his company to 
i] quote a profitable selling price usually in a competitive market. 
It does not follow that this rule always applies to the fixing of 
selling prices—there are cases where a competitor’s quotation 
leaks out, and in these circumstances your estimate is considerably 
influenced by this valuable knowledge. However, that side does not 
directly concern production men, to whom these remarks are 
directed, and which, by the way, are mainly in the nature of advice. 
At the outset, the need for extreme accuracy cannot be over- 
emphasised, for the reason that information supplied for the 
compilation of an estimate may, and in many cases does, have a 
+ very definite bearing upon the ultimate success or failure in obtaining 
i the contract. Estimating is said to be a tool of management, and 
i no doubt most of you have reason to remember that as such it can 
i be effectively wielded, especially when, following a board meeting, 
i some of your details are investigated and found wanting. 
A very real responsibility lies with the engineer whose duty 
it is to prepare data for submission to the estimator, because in 
the average works there are too many variables existing for any 
one man to be thoroughly acquainted with all the details; it is, 
therefore, most necessary for him to have confidence in and to make 
full use of his entire staff and all records of information available. 
Assuming that the existing works are reasonably suited to the 
4 manufacture of the product under consideration, the first item to 
i} consider is the designer’s drawing and specification. Constructive 
} criticism at this stage is advisable, but the production man is 
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usually selfish to a marked degree in suggesting proposed altera- 
tions whereby his end of the stick is reduced in weight. Do not 
lose sight of the fact that an original design may be a selling point ; 
and that, after all, is what everybody concerned should be inter- 
ested in, and encourage. 

Having settled any minor differences with our friend the works 
engineer, the next step is to proceed to consider the methods of 
manufacture to be employed. 


Methods. 


Due consideration must be given to the use of existing plant and 
small tools, etc., but it is a point which can be over-stressed. Whilst 
it may also be useful, as guidance, to refer to a similar type of 
product, again too much importance should not be attached to 
this aspect. If possible, treat this opportunity as your chance to 
introduce those ideas that have been lying dormant. It is probable 
that since your reference part was first manufactured sufficient 
changes have taken place in cutting times alone to render some of 
your processes obsolete. 

Circumstances may have forced you to use bar stock in the past, 
probably a forging would now be cheaper, or a die-casting, or the 
use of electrical up-setting, but don’t decide your method without 
running over these points. There is a source of information, untapped 
in many instances, available from machine tool makers who, according 
to their advertisements and agents, are ever ready to assist with 
complete layouts for any and everything. Full use should be made 
of this service since it may ultimately benefit both parties, but 
the vital point is that you would have the satisfaction of knowing 
that every available avenue has been exploited in the effort to 
arrive at the best possible known methods. This last point cannot 
be over-emphasised, since present day, keen competition demands 
that we must be in possession of all facts relating to our own partic- 


ular line of business, to enable an accurate forecast to be given when 
called for. 


Material. 


Material is a costly item, and is worthy of some thought when 
preparing data for the purpose we are to discuss. The cost of direct 
material, or that which really enters into the product, is more or 
less fixed by current market prices, and there is very little which 
the production man can do to influence the purchase department 
on this point, apart from recommending the best source of supply, 
where, from his experience, the smallest amount of manufacturing 
trouble will result. 

In this connection it may be mentioned that an operation should 
be allowed for, in the case of bar material, for testing ends of bar in a 


647 


















































THE INSTITUTION OF PRODUCTION ENGINEERS 


sulphuric acid bath, to enable reeds and porous centres to be 
detected before putting into use. This outlay will result in ultimate 
economy. 

Castings, when made within the factory, should include cost 
of pig iron, coke, and a proportion of cost of sand for furnace, 
limestone, fireclay, moulding sands, ete. It is to material used 
indirectly in manufacture that attention should be directed, such 
as those used for polishing, plating, hardening, etc., because these 
can unduly enhance your estimate unless care is taken to economise 
in their general use. It matters little whether these items are charged 
directly or as an oncost, but I have in mind a specific case where 
such indirect material was found, upon analysis, to exceed the 
cost of the direct material by six times. Subsequent changes were 
made whereby the two costs were equal. 


Labour. 


Productive labour alone is admittedly the most modest item con- 
tained in the estimate, but one or two points are worthy of comment. 
It is to the direct labour cost that all oncost percentages are added, 
and from this it can readily be seen that a saving of ls. on direct 
labour can represent a 3s. reduction in the selling price. Another 
point is the class of labour to be utilised on the product under 
consideration. It does not always follow that the existing operatives 
are those most suited to the manufacture of a new product. 


For selected work, unskilled, semi-skilled, and female labour 
can be more profitably and efficiently operated, and should be 
considered before completing your task. 

To summarise the foregoing remarks and to couple with them 
the headings of the Council’s memorandum on the subject of 
estimating, we have the following points to discuss : 

(1) What is meant by the term “ Estimating” ? 

Estimating is the preparation of an estimate. This in turn is 
the basis of a quotation, which is the expression of the terms under 
which a firm expresses willingness to undertake a given piece of 
work. 

Provided that expediency does not demand that that work be 
undertaken at a monetary loss, the estimate will allow for a reason- 
able profit being made. 

There are degrees of precision in estimating which lie beyond a 
rough and ready guess which may have to be made on the spur of 
the moment. 

As in mathematics there exists the theory of approximations, so 
also there is a somewhat analogous condition in estimating methods. 
We may have approximations of the first, second or third order 
and so on, each successively approaching mathematical accuracy. 
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Time allowed in preparation of estimate, keenness of competition 
and such like conditions will control the degree of approximation. 
(2) Who makes the Estimates ? 

Dependent upon the type of business the estimates are prepared 
by a special man or group of men with a general knowledge of : 

(a) Design. 

(6) Raw materials (prices, quantities, and rates of supply). 

(c) Direct labour and methods of manufacture. 

(d) Special articles purchased from outside. 

(e) Establishment charges. 

(f) Selling expenses. 

(g) Packing and transportation. 

(kh) Erection on site, tests, or trial trips. 

(i) Royalties. 

(k) Interest on money outlying, depending upon the terms of 
payment. 

(l) Planning in relation to time outlay,on the work. 

These men are sometimes called estimating draughtsmen, but 
obviously this title falls far short of the scope of such work. 
Possibly in those cases the men are only responsible for the col- 
lection of information in the preliminary stages. 

(3) Are Production Engineers interested in the subject of Estimating ? 

I would say that they are involved in it and should as a natural 
corollary be interested. Contracts resulting from accepted tenders 
have to be fulfilled under a large measure of control from the produc- 
tion engineer ; therefore, who is better versed than he is to draw 
up the estimates in the first place ? 

(4) What are the fundamentals of Estimating ? 
Briefly, these are : 
(a) Knowledge of plant capacity. 
(b) Experience of class of work being estimated for. 
(c) Authority from the management behind the activities of 
the estimator. 
(d) Free access to all records dealing with points mentioned 
under (2) (a) to (I). 
(e) Ability to condense information into most convenient 
tabular or chart form for speedy reference. 
(f) Knowledge of methods of approximating also involving 
experience in mathematicai short cuts. 
(g) Shrewdness in reading the minds and interpreting the 
wishes of management or directors. 
(h) Tact in methods of approaching all branches of staff. 
(5) What are the tools of the Estimator ? 

The charts, tables, formule, and analyses dealing with material 
quantities, costs, direct labour, establishment charges, sales 
expenses, etc., are the tools. 
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Regarding oncosts one special thought occurs. Acceptance of a 
big contract may considerably influence the oncost charges of the 
whole works, if it differs substantially in character from the general 
run of work in the shops. Application of the general oncost charge 
already in existence might therefore easily lead to losing money on 
an accepted contract on the one hand or even losing the contract 
on the other. 

A more accurate procedure is to split up the establishment charges 
into sections, each covering one of the departments thus giving 
departmental running expenses as a percentage of direct labour 
and applying general charges as a percentage to the summation of 
these. 

Where plant in any one department is very mixed, it is safer to 
group the plant and to allocate to each its own plant or machine 
hourly rate to cover power, rent, depreciation of capital, crane, or 
other indirect service, etc., as well as a flat hourly departmental rate 
to cover general lighting, heat, supervision and the like. 

(6) What is the vital consideration ? 

The vital consideration in estimating is a correct balancing of the 
factors of time available in which to make the estimate, and of 
accuracy required to fight competition without fear of loss of orders 
on the one hand or of profits on the other. 

This accuracy must not be achieved regardless of expense. The 
estimating department could easily become an appreciable burden 
upon the establishment charges and unlimited scope in its personnel 
could become the rope with which it might easily hang itself. 


By J. Maxwell. 


The estimator is concerned primarily with forecasting the cost 
of work prior to an order actually being received in the factory. 
Where work of a similar nature to that being estimated for has 
previously been manufactured, the estimator will naturally base 
his figures on the actual costs of the previous order, making due 
allowance for changed conditions in the factory, fluctuations in 
market values, or differences in the specifications or requirements 
of the customer. 

The work of the estimating and cost departments is so closely 
allied that it is essential that close co-operation should be maintained 
between the two departments, not only from the point of view of 
mutual advantage, but for the benefit of the business as a whole, 
so perhaps a brief word on the. methods of ascertaining those costs 
will not be out of place before proceeding to consider how an estimate 
will be dealt with in the cost department after an order has been 
obtained. 

While costing systems resolve themselves into several distinct 
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types, those generally met with in an engineering works are the 
job or order and the process systems. In a large factory both 
may be in operation and the cost of a part may be ascertained 
partly under the job system and partly under the process system. 
Thus, a part may go through various machining operations before 
being finally plated in the plating department, the cost of this 
operation being ascertained under the process cost system. Alter- 
natively this department may be treated as an oncost charge, or 
an approximate charge may be made to each job passing through 
it, and any balance of the cost of operating the department out- 
standing at the end of the costing period, charged to oncost. 

Where the order is the tangible basis upon which the elements of 
cost are charged and determined, the order system of costing is 
employed. Under this system a job number or series of numbers 
is taken out for each part manufactured or for each order obtained, 
and all material, labour, and oncost charges incurred in the factory 
charged to their appropriate job numbers, the summation of these 
expenses giving the cost of the order. The material, labour, and 
oncost expenses would be incorporated in the total cost under 
their respective headings in such a manner as to ensure their being 
readily analysed after completion of the order. 

Material expenses will be ascertained from requisitions from the 
factory to the stores when drawing material, each requisition bearing 
the job number for which the material is wanted together with 
particulars of what is required. When received in the cost depart- 
ment those requisitions are valued, the material cost being obtained 
from the purchasing department in the case of raw material or parts 
bought in completely finished and ready for assembly, and in the 
case of parts manufactured in the factory, from the cost records. 

Similarly labour charges are obtained from the job cards or 
schedules used by the factory. Each operator when commencing 
a job receives from his foreman or a works clerical department a 
card giving his name, check number, particulars of the work to be 
performed and the job number to which the cost of the work will 
be charged. After completion of the job, or operation, the card 
is forwarded to the cost department where the operator’s wages 
rate and oncost rate, or if he operates a machine, then the machine 
oncost rate are entered, and the time worked on the job converted 
to terms of money. 

The term oncost includes all those charges which, while necessary 
for the manufacture and marketing of the finished article, cannot 
by their nature be charged directly to any particular job or order. 
Thus expenses, such as rent, heating, power, insurances, salaries, 
etc., must be allocated to the work going through the factory on 
some equitable basis which will ensure each job or order bearing its 
just share of the general cost of running the establishment and also 
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ensure the total of these expenses being recovered. The usual 
method of recovering those expenses is by charging, in addition to 
the usual cost of direct labour, a further hourly rate, so fixed as to 
ensure the total expenses being recovered at the end of a normal 
working year. As this rate probably varies with different depart- 
ments and different machines in the factory, a certain amount of 
discrimination is called for in its use for estimating purposes. Thus 
while an operation may be performed quicker on one machine than 
on another, the high cost of operating that machine may actually 
have the effect of increasing the cost of the part ; similarly, while 
apprentice or unskilled labour may show a reduction in the labour 
cost of a job, the total cost of the part may be considerably increased 
due to more time being spent, incurring a corresponding increase in 
the amount of oncost charged to the job. 


To maintain a true basis of comparison between estimated and 
actual costs it is essential that the same classification of expenses 
be used in both the estimating and costing departments. Thus, 
while the estimator may treat certain material as a direct material 
charge to the job on which it is used, the same material may be 
charged by the cost department as supplies to an expense account 
resulting in an apparent over-estimate for material, while the 
expenses of the job would appear under-estimated by a similar 
amount. Similarly apparent discrepancies may be disclosed in the 
labour charges, where labour which may be regarded as indirect 
by one department is treated as a direct charge by the other. The 
estimator should, therefore, be familiar with the work, and the 
viewpoint of the cost department and should avail himself of every 
opportunity of becoming acquainted with the methods of collecting 
and charging costs to the work produced by the factory. 


Before considering the method of dealing with an estimate in the 
cost department after an order has been obtained, there is one aspect 
of estimating which has struck me on many occasions : this is the 
frequency with which one hears the remark “ It is only an estimate,” 
implying that the figure so arrived at is the result of an inspired 
guess. It would be difficult to imagine anyone in the factory saying 
of a pole gauge “It is only a bit of rod.” As Mr. Wright has 
shown us, the estimate was arrived at along very definite lines, 
requiring on the part of the estimator, a thorough knowledge of 
shop practice, values, and market prices, and leaving little room for 
guess work. The estimate can, therefore, be regarded as a gauge, 
or definite standard, which must be attained if profits are to be 
earned. While the responsibility of attaining this standard must 
be shared by the organisation as a whole, the methods adopted in 
the cost department to collect, and analyse, the cost of the order, 
as it progresses through the factory, will have a considerable bearing 
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on whether a profit will be earned, or a loss incurred, after the job 
has been completed. 

While the primary function of a cost department is to ascertain 
costs, it must also exercise some form of control over expenses as 
they are incurred, and be in a position to locate and disclose in- 
efficiencies and leakages in the factory. To enable costs to be 
controlled where an order has been obtained on an estimate, a copy 
of the estimate should be forwarded to the cost department showing 
the method of compiling the total estimated cost. 

Two general methods of establishing a comparison of actual and 
estimated costs present themselves. Under the first method a cost 
account would be opened for the particular job under consideration. 
To this account would be credited the estimated cost of the order. 
As work progresses through the factory, and costs incurred become 
available in the cost department, they are debited to the account 
under which they have beenincurred. After completion the account 
is squared, the balance outstanding indicating the relationship 
between estimate and actual costs. Unfortunately under this 
system the final position is not apparent until the order has been 
completed, and as expenses have been collected just as incurred, 
little real control has been exercised over the job. ‘‘ Inquests ”’ 
are common occurrences and no end of trouble is experienced in 
ascertaining just where and why expenditure has exceeded estimate. 
The results, further, are of little value to the estimator when 
preparing an estimate for any future ordér, unless he is prepared to 
analyse all material requisitions, labour cards, and expense items. 

It is generally recognised, nowadays, that a much more satisfactory 
method of compiling costs is by splitting the total figure into its 
labour material and oncost elements and controlling each section 
separately, the different totals being brought together on completion 
of the order. While this, perhaps, is a more expensive method than 
the first one described, the benefits to be derived from its operation 
should more than outweigh the additional cost. A separate account 
is opened for each cost element with a total account for the complete 
order. As expenditure is incurred, it is charged to the appropriate 
account, whether material, labour, or oncost, and the actual and 
estimated costs compared at the end of each week or other con- 
venient period. As work progresses and costs are totalling up 
against the job, the value of this regular comparison is readily 
appreciated. 

As a general rule, the first account to be completed will be that for 
material. An immediate comparison with estimate is possible and 
any necessary investigations can be made while the job still progresses 
through the factory. Should there be any considerable difference 
between the actual and estimated costs, the reason can be readily 
located. As already mentioned, it may be due to a difference in 
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classification of direct and indirect material, or the estimator may 
have included certain material to be bought in, in the raw state, 
and to be machined in the factory, while the production department 
may have decided, for different reasons, to buy the same material 
completely finished and ready for assembly, in which case the cost 
of machining by the supplier would naturally be included in the 
material cost. 

Where the apparent discrepancy is due to this or any similar 
cause, a corresponding variation can be anticipated in the labour 
and expense account totals when completed. On the other hand, 
if the material has been definitely under-estimated and this is 
immediately brought to the management’s notice, it may be found 
possible to effect economies during the remainder of the job and 
turn a possible loss into a profit, or where material is found to be 
over-estimated, or savings have been effected in purchasing, a 
handy reserve becomes available against any increased cost which 
may be incurred in the shop before the job is completed, although 
naturally this information is not given too much publicity in the 
factory. 

Again, due to delay in receiving material or for any other unfore- 
seen reason, the factory may find it necessary to work a considerable 
amount of overtime in order to give delivery as promised. Where 
the overtime allowance is treated as a direct charge to the order, 
the actual cost of labour may be much more than was estimated. 
For purposes of comparisohs, and as a guide when compiling future 
estimates, the proportion of labour representing overtime should be 
distinctly shown both in the cost figures and reports. Naturally, in 
completing his estimate, due allowance would be made by the 
estimator against the possibility of overtime, where the time 
specified by the customer is not sufficient to enable the work to be 
completed in normal working hours, taking into consideration the 
volume of work already in the factory. 

When times are difficult and business has to be obtained in face 
of keen competition, it may be decided by the management to 
quote against certain inquiries on the basis of direct cost plus only a 
proportion of the indirect establishment expenses which should be 
met. Where an order is obtained on this basis, the schedule of 
estimated cost submitted to the cost department will naturally 
draw attention to this point, when due allowance will be made in 
the total cost to show the actual and estimated costs on a com- 
parable basis. 

Where the size of the order justifies it, a report in graph form can 
be prepared for the management’s consideration showing at regular 
intervals the progress of the order and the cost to date. Taking 
the horizontal axis as representing time, weekly or monthly intervals 
would be marked off and a vertical line, in red, drawn at the point 
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representing completion of the order. From the vertical axis, which 
would represent cost, would be drawn a horizontal line to represent 
the estimated cost of the work. As details of expenditure reach the 
cost department, they would be plotted, at regular intervals on the 
graph. With an up-to-date knowledge of the expenditure already 
incurred on the job, the balance left before reaching the estimate, 
and the amount of work still to be completed, together with the 
time available, the responsible authorities are enabled to control 
the order in the most efficient manner. A report in this form may 
be prepared for each order received, separate reports made out for 
each element of cost, or alternatively the job may be divided into 
certain definite sections such as machining, assembling, and erecting, 
and each section reported on separately. 

The degree of analysis necessary will depend entirely on the size 
of the job, the efficiency, or otherwise, of the factory and buying 
departments, and whether or not the price to the customer was 
cut keen in order to secure the business. In the latter case, where 
margins are reduced to a minimum, the necessity for a strict super- 
vision of expenditure becomes more than ever essential. When the 
inquiry was first received, due consideration would be given by the 
estimator to any special conditions incorporated in the specification. 
While certain conditions are more or less peculiar to each particular 
trade, new points crop up regularly, and an apparently innocent 
sentence, in a specification, may involve the factory in quite a lot 
of expense if it is to be complied with. Very often a decision has 
to be obtained from a responsible authority of the company as to 
the best method of dealing with some of those conditions ; whatever 
has been decided should be clearly shown in the estimate since, if an 
order is obtained, frequent reference will no doubt be made to both 
the specification and the estimate during the progress of the work. 

One example which comes to mind is the demand met with in the 
motor trade, that chassis must not exceed a certain weight, to enable 
advantage to be taken of recent leglisation. A few words in the 
specification “‘ chassis not to exceed ...... ewts ’’ may involve several 
pounds of expense in substituting aluminium or light weight alloys 
for steel and cast iron, special drilling and boring operations to 
reduce weight, and time spent in the drawing office. 

Conditions of delivery are more or less uniform. These may be 
“ex works’’; delivered to a specified address, or if for abroad 
“* packed ex works’; F.O.B. ship, or shipped to the customer. In 
the latter case all shipping and insurance charges will be borne by 
the supplier and should be covered in the price quoted. Where 
duties have to be paid at the receiving end a definite understanding 
should be had as to whether the customer or supplier will meet 
those charges. Similarly, certain fitments specified by the customer 
may have to be obtained from abroad and where duty has to be 
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paid on the material this should be included in the estimated cost. 
Again, where the manufacturer has agreements with agents, any 
orders obtained from territories covered by such agreements, must 
include in the price quoted a sufficient sum to cover the agents’ 
remuneration. This addition to the price, however, is generally 
made by the sales department, and treated by the cost department 
as a deduction from the selling price, rather than an item of expense 
to go against the order. 

No hard and fast rule, I am afraid, can be laid down for dealing 
with the cost of patterns, tools, dies, etc., necessary for any parti- 
cular order. While their cost should be recovered as quickly as 
possible, due consideration must be given to the prospects of further 
orders, and where such can be safely anticipated the cost of those 
items should be spread over as far as possible. In certain trades, of 
course, the cost of patterns, etc., is a definite charge to the customer 
and where this is the recognised method of dealing with it, the cost 
presents no particular difficulty. 

In conclusion, attention may be drawn to the fact that the price 
quoted to the customer is not the estimated cost but includes also 
a margin of profit and possibly certain selling expenses, as already 
mentioned. Any comparison of prices must, therefore, be between 
the actual cost and the estimated cost, not the price quoted. 

While the popular view of a costing department is that it is some- 
thing inseparably connected with innumerable cards and endless 
routine, I trust I have shown there is some method behind the 
work, and while it must be regarded as a necessary evil, “‘ the cost 
department ”’ can be of considerable assistance to the estimator in 
his work, and close co-operation between the two departments is 
beneficial to all concerned. 
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ESTIMATING METHODS. 


Opening contribution to Discussion, Coventry Section, 
by J. W. Griffiths, A.MI.PE. 


STIMATING is of two orders, which we may call synthetic 
EK and analytic, each differing vastly from the other, though 
they may both achieve the same object. There are jobs 
where a synthetic estimate will meet the position, giving a quick and 
fairly reliable estimate governed by previous experience on similar 
jobs. If we are interested in a job which is going to be more or less 
a stock product for a period, we shall have to delve deeper and be 
in a position to supply much more information to the production 
departments than we possibly could by the previous method. It 
would be hard to stress too much the importance of very definite 
co-operation between the estimator and the cost accountant, so 
that unforeseen contingencies in one job may not be repeated in 
the next, and so as to attach the proper proportion of any kind of 
extra cost to the job under review, rather than have snch things 
lumped under, say, establishment charges. As special instances, 
ships and structural engineering work may have drawing office 
charges varying from five per cent. up to 10 per cent. of the cost of 
the job, and other work may have excessive erecting costs due to 
employees being sent long distances from home, and of course 
freightage charges may be abnormal. You will therefore appreciate 
that the estimator, however fortunate he may be in sub-allocating 
his work out to other departments, must see that the whole estimate 
is complete and that every allowance has been made for the un- 
expected, because errors on either side can be disastrous. 

Only in exceptional circumstances can estimates based upon past 
ventures be considered generally interchangeable either in differing 
classes of work, or different plants, as so many disturbing factors 
are bound to arise. I will give one illustration, that of a 12 h.p. motor 
car engine where the machining labour is 16 per cent., andthe assembly 
labour eight per cent. of the entire cost of the engine ; yet it is a 
frequently quoted figure that the ratio of fitting to machining on 
small petrol engines is roughly equal—varying, of course, consider- 
ably in relation to material cost according to the basis of output 
which is naturally one of the very important factors in preparing 
any estimate. 

Turning now to estimating by the analytical method we arrive at 
the stage where confusion commences between definitions of esti- 
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mators, ratefixers, cost accountants, and planning engineers, 
because their duties are so inextricably mixed and so interdependent 
that in many cases the division is a matter of convenience to the 
firm rather than an actual division in duties. This is particularly 
so when we are dealing with estimating for the production of some 
standard product within a particular firm, to be made as efficiently 
as possible with a view to the lowest possible selling price, and here 
we are forced to the analytical method, taking point by point and 
arrangement by arrangement; ~*: fact at the risk of being told that 
I am describing the ratefixer’s job I must briefly outline the pro- 
cedure which is necesary to arrive at a correct estimate. 

Prints are received with specifications as liberated from the 
drawing office and such arguments held with that august body for 
improvements in machinability or assembly according to the 
encouragement that past efforts in this direction have given. The 
estimator will have under some form of record full particulars of 
the capacity of the plant, its variety and limitations, and generally 
he will keep a reasonable record of such new plant as future develop- 
ments in his firm’s business may warrant. A convenient form of card 
is drawn up enabling all the extracted information to be tabulated 
and passed on to such other departments requiring it, such as jig 
and tool, or plant draughtsmen or planning and ratefixing depart- 
ments. 

Working as near as possible to the same sequence as the speci- 
fication, the first print is taken and the weight extracted in the way 
everyone is familiar with, namely Volume x .036 specific gravity, 
or in the case of familiar materials there are such definite factors as 
C.1. — .26, M.S. — .28, Alum. — .08 to .09, Brass — 0.3, Zinc — .26, 
etc. The weight of material being ascertained, the current price of 
the material either from the estimator’s own data or from the 
purchase department will give the material cost. I am taking it for 
granted that reasonable allowance for machining—parting off bars 
or runners on castings—is made. Allowance should be made for 
scrap (particularly non-ferrous metals). Pattern making may be 
taken in the job or it may be an establishment charge, and the same 
thing applies to die costs for stampings or pressings when the 
quantity falls below certain figures (here some record of stamping 
prices is advisable). 

We now come to the machining cost and often more than a 
cursory study of the print is needed to ascertain all that the operator 
will be up against. I do not propose to labour the point, but toler- 
ances and the particular machines available to do certain operations 
may seriously affect our machining times—there is the class of labour 
we suggest for the job, what jigs and tool equipment we visualise 
to get down to the price quoted. 

We are now in a position to get our machining cost for the piece 
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and pass on to the next component until we have completed the 
group. The parts definitely bought out are then gone over, such as 
ball bearings, nuts, washers, screws, bolts, springs, cotters, split-pins, 
and perhaps such articles as brass unions for which our plant is not 
efficiently equipped. Consultation with the purchase department 
here again will help in ascertaining the cheapest method. Generally 
they have better records, but the estimator should keep some too. 

Now comes the assembly and all the details have again to be con- 
sidered for such operations as frazing, hand reaming, tapping or re- 
tapping due either to incomplete machining or transit and storage 
so that the parts go together with as little difficulty as possible. 
We establish our cost by whichever method we are adopting, either 
by taking a constant or visualising the building-up of the job. If 
this is but a sub-assembly we now proceed through the rest of the 
job until we arrive at the completed assembly stage when the nature 
of the product will determine what is to follow. If it is a ship, then 
in addition to preparatory costs of stocks and slipways, there are speed 
trials to be catered for and perhaps hospitality to customer’s repre- 
sentatives, and as the politician says the customer always pays, so 
must an allowance be made for all these things. Somewhat similar 
conditions obtain in power station contracts where in addition 
to the expense of tests at works there is the cost of stripping, 
packing, transport, and re-erection on the site which may mean a 
considerable number of men on subsistence long distances from home 
for considerable periods. These are naturally charges to which we 
shall have to be largely guided by past practice so that accurate 
records by the cost office are very essential. This, as briefly as I 
can give it, is a description of the extraction of an estimate by the 
analytical method. 

Naturally there are short cuts in arriving at times which will be 
peculiar to the particular works. A plant may be very up-to-date 
with automatic lathes, hydraulic grinders, special alloy cutting 
steels, whereas another would be carrying on with quite ordinary 
methods although figures could be established giving rough times to 
suit whatever the circumstances. I can just quote such figures as turn- 
ing plain shafts 8d. sq. ft., forgings 1s per sq. ft., grinding shafts 9d. 
sq. ft., grinding medium size holes 8d. sq. ft., small bushes 3s. sq. ft., 
planing flat surface 1s. 3d. sq. ft. with vees ls. 6d. sq. ft. These 
figures are quoted merely to illustrate the idea, but would naturally 
have to be developed to suit the conditions under which they were 
applied, and as | intimated at the commencement I am making no 
pretence to hold responsibility for such figures. By the same rule 
it is interesting to note that the ratio of assembly cost to machining 
cost of a rear axle is 28 per cent., front 2xle 22 per cent., steering 
gear 42 per cent., brakework 40 per cent., and chassis assembly 
80 per cent. These figures, except the last, are almost constant for 
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each model of car made by the same firm, but of course would be 
hopelessly affected by cheaper machining methods unless, as is 
not unlikely, similar attentions given to erecting may keep the 
proportions still near the figures quoted, and of course oncost 
varies with special circumstances. Specified time of delivery may 
demand overtime and Sunday work. 

Any notes on estimating would, of course, be incomplete without 
some reference to the effects of establishment charges on an estimate. 
Our Institution has debated the various merits and de-merits of 
methods of arriving at this figure, but it does not always follow 
that what is best for ordinary works accountancy is suitable for 
the estimator. There are times when it would be advisable to give 
him a little more detailed information if he has not the power to 
exercise discretion. 

I am going to quote two instances which may sound crazy 
finance, but they do achieve the object of showing how 
oncost can make a most accurate estimate in other directions 
almost worthless. I want you to imagine a very ordinary machine 
shop where £2,000 machines rub shoulders with old second-hand 
crocks not worth £5 but still doing the job allocated to them equally 
as efficiently as more expensive machines, so much so that were we 
to work out our overheads on the machine hour method we should 
be staggered at the variation, but the whole shop has been figured 
up and we find that we have a fixed overhead of 100 per cent. plus 
a variable of 30 per cent., and for ordinary purposes we allow 125 
per cent. Now in one corner we have a battery of very old crocks 
bought quite cheaply which are capable of taking care of a certain 
job, and which we are quite content to pay 1s. each for until one 
of our outside suppliers comes along and offers to do it for us at 
ls. 6d. The job is looked into and we find that we are paying Is. plus 
125 per cent., or 2s. 3d. each. Well, here is a chance to save 9d., 
and hands are rubbed in glee, but what has happened? It can be 
proved that the overhead of that battery of machines should not 
exceed 50 per cent.—low as it may sound—and we are actually left 
with the job of trying to find something to replace the subsidy which 
the particular job had beeen giving to the rest of the shop. 

Now let us go to the other extreme. Some job has come along 
which has made it essential to buy, say, a large expensive surface 
grinder which is so efficient that it is a problem to find the operator a 
week’s work. Someone knows of a job being done on a vertical mill 
at a neighbour’s plant which would just about fill the gap. The 
neighbour is consulted and is only too glad to relinquish the job 
which is taking thirty minutes on his vertical mill and costing 10d. 
plus 120 per cent.—1s. 10d. We quote twelve minutes on the grinder 
or 4d. labour plus 125 per ¢ent., plus 10 per cent. profit, which equals 
10d., but when we analyse the enormous power absorbed, the high 
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rate of depreciation, the cost of wheels which we will assume at the 
highest, and in other words the overhead cost for that machine 
should be 200 per cent., then the neighbour’s job instead of keeping 
our own man in and giving us 5d. per hour profit is costing us 4d. 
plus 200 per cent.—12d. minus 10d., or 2d. per piece—10d. per hour. 
This may sound exaggerated, but it is a definite illustration of how 
oncost can affect an estimate, and when details are being con- 
sidered with a view to outside quotations more than general depart- 
mental oncosts should be considered. I know it often is. I also 
know it sometimes is not. 

There remains now the question of tool equipment. The estimator 
or someone for him will have to decide whether quantities or degree 
of accuracy call for jigs and gauges. Obviously a job costing 6d. to 
mark out, drill and ream which could be done in a jig for 14d. whilst 
initially saving 44d. would need an order of at least 266 to pay for 
a £5 jig, and conversely if accuracy demanded the jig and the quan- 
tity was only 20 then of course 5s. per piece would have to be added 
to meet the jig cost. I have not been able to develop methods of 
estimating for jigs or patterns. Jigs, of course, as far as the estimator 
is concerned, are usually in the embryo stage and would generally 
have to be allowed in some form of factor unless one was dealing 
with some special quantity when one would have to stipulate what 
could be borne in this direction. 

Hardening is another problem which the estimator would have 
to decide as to whether overheads would stand the cost, or there 
was so much to be done that it should be borne in the cost of the 
job. We may be estimating for some mechanism weighing 50 or 60 
Ibs., where all the parts have received some heat treatment at an 
average, say, of 4d. per lb., and a sum of money approaching £1 
would soon be expended and would therefore need consideration. 
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Paper presented to the Institution, Birmingham Section 
by J. A. Lacey, F.C.W.A. 


Introductory. 


E who are immersed and steeped in an enormous expanse 
of detail often lose sight of the necessity for appraising 
principle and policy. I have therefore taken this oppor- 

tunity of focusing attention to these factors with just occasional 
reference to detail to emphasise the statement. 

In introducing the subject of estimating to a body of men who are 
engineering minded, it would not be out of place to make mention 
of the important change which has been introduced within the last 
few years regarding the outlook of all those engaged in projection 
and production within the scope of engineering practice. 

There was a time when the attention of the production engineer 
was directed solely to productivity, and the engineering mind was 
wholly absorbed in design and method and visualised a sole reward 
in the resultant product. 

The exactions of ever-increasing competition thrust upon him 
by prolonged depression qualified his engineering aspiration by 
the infliction of financial considerations ; the result of which was 
to inculcate a “ cost-consciousness ” without which his tenure in 
industry would become threatened with a speedy termination. 

This financial infliction arising from the spread of limited liability 
and increasing size of business organisations was the obvious 
outcome of the only means of control in industrial organisation ; 
and, as will be agreed, that each action—or for that matter inaction— 
of every individual item identified in any manufacturing concern is 
reflected and recorded in the financial statements of that concern, 
then the conclusions drawn will be that control can only be measured 
in terms of £ s. d. 

Thus, the foresight in design of the product; the efficiency of 
layout in production ; the height of skill and the cunning of crafts- 
manship, are deemed to have failed if the financial returns of the 
cost department register an expenditure in excess of the selling price 
received from the customer. 

The monthly returns of the cost department therefore became the 
vehicle for a periodic castigation of the design and productive 
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personnel which was stung into renewed and repeated effort to 
cheapen the product by whatsoever means. 

The estimating department of old clung tenaciously to any 
information which emanated from the cost department; always 
content to take a chance in price where the product differed in 
certain respects and never hesitated to make a more or less intelligent 
guess as to the value of an entirely new article. 


In the lean years, estimating took on a twofold characteristic. 
Where time permitted, a close analysis could be made of specification 
and projected layout, and much attention was given to detail. Such 
cases, however, were the rarity, the prevailing condition was urgency, 
with the sole motive to snap up any business which was going 
although selling prices were much below estimates and delivery dates 
shorter than actual productive time. 

Obviously it was better to obtain the job at such prices rather than 
contemplate a blank in the order book. 

We also must definitely register a fact that the organisation of the 
cost department was—and, in the majority of cases, is still—much 
behind the requirements of industry and we must emphasise how 
ridiculous can be the position of industrial concerns where the 
efforts and efficiency of the estimating department—however good— 
cannot be measured due to lack of cost returns; or otherwise— 
where cost returns are available—the usage of cost results cannot be 
turned to the profit of future estimates. We may justifiably 
conclude that originally estimates were in the nature of hurried 
assessments, and thereafter the estimator embraced whatsoever 
assistance the costs could eventually supply. 


What is meant by the term ‘“ Estimating “/— 


It is not the purpose of this paper to explain the multifarious 
details which will produce resultant estimate, for if such were 
attempted so much more would be left undone, but the principles 
leading to this end and the policies arising therefrom can be outlined, 
and the intelligent mind can so apply thought and energy to the 
advantage of factory control, production, and industrial develop- 
ment. Many books are available suggesting approach to this 
intricate field of financial resolution such as ‘“ Estimating for 
Mechanical Engineers” written by one of your own members, 
L. E. Bunnett ; Mr. A. C. Whitehead’s excellent treatise on ‘‘ Plan- 
ning, Estimating, and Ratefixing’”; and T. H. Hargrave’s 
‘ Estimating ’’; all extremely helpful but which can never cover 
the entire field which the estimator must cover. Such books project 
ideas and engender thought. But we can only make progress, 
inasmuch as we realise the exactions of the times and use the 
handbook of experience. 
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I can only at so short a term at my disposal indicate the exacting 
requirements of present-day industry. These requirements are of 
a threefold character. The first is an estimate of the business as a 
whole and which requirement might be termed as “ budgetary 
control.’”” The second can be regarded as sectionalised budgets, 
which could be allocated for groups of products or for that matter 
a single product. The third can be regarded as the consummation 
of the two previous projects, and be described as an organisation 
which could be termed “ production costing.” 


Budgetary Control. 


While industry is passing out of the period of depression and 
hopes run high of an approach to prosperity—which does not mean 
such a period as we experienced in the years 1917-1921—it must 
be clearly understood that industrial control will be equally as 
exacting as that which we experienced in the recent years of 
stringency, for there can be little doubt that competition, both at 
home and abroad, will be none the less severe despite the fact that 
prices will increase ; and following this, it must be anticipated that 
the requirements of the purchasing public will be the more exacting. 
This will throw a heavier load upon administration which will seek 
assistance from its internal accounting. 

There will doubtless be many organisations who will (if they 
have not already) set out to meet this condition. They who will 
occupy a place in the front ranks will be those who are in a position 
to take an instant and complete overall view of factory conditions. 


We can, therefore, visualise in the future an increase in the control 
of factories by a system of budgets. This will be undertaken in 
those industries : (1) Where reasonable assessment can be made of 
the market. (2) Where the products are specific and the nature of 
which lend themselves to grouping. (3) Where the production is 
standardised for comparatively lengthy periods—say, twelve 
months. Allocation will be determined for expenditure for : 
(1) Direct material. (2) Materials ancillary to manufacture. 
(3) Direct or production labour. (4) Indirect labour. (5) Service 
charges. (6) Administration. 

In some measure budgetary control has already arrived and will 
rapidly extend. It is unfortunate that people fight shy of the title. 
A works is mismanaged if, for instance, it places no control upon its 
indirect labour; rather does the administrator affix limits, not 
only as to the number of men who shall be engaged, but also the 
expenditure commensurate with a given output. 


But this method of control by budgets is not possible until a closer 
and a more detailed process of estimating has already taken place. 
The overall budget has to be prepared, based upon the measure of 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


expenditure upon each and every product and while it must be 
admitted that the cost accounts would play a very important 
part in contributing to that end the professional estimator will 
contribute equally and vitally in widening the margin between cost 
and budget ; or in other words he will be required to furnish valuable 
assistance in the prevention of leakages of profit. 

Therefore it behoves the estimator to get down to every detailed 
calculation of material, labour, and service involvec *» the manu- 
facture of each and every product. (Fic. 1, Cos’ aa! ows 
detailed ** make-up ”’ for estimating purposes.) 


Who makes the Estimates ? 


In considering this question I find myself rather at . ariarce with 
the definition outlined in the circulated synopsis, wherein ©. stated : 
“The estimator works prior to the order being receiv: ule the 
other two (ratefixing and costing departments) concern .remselves 
with the orders that have been placed on the books of the company.” 

It is true that in the projection of business the estimator is called 
upon to furnish indicative figures for (a) products in contemplation, 
and (6) the many more for orders which are sought. But one’s 
experience in this class of work is that of rush and nebulous ideas. 
A specification both rough and brief; a few hasty sketches often 
on scraps of paper or the backs of letters ; a spasmodic conversa- 
tion ; such is often the material upon which the estimator has to 
work. Moreover, the customer himself is often unable to give 
complete details as to his requirements and even after receipt of 
order the “follow-through” imposes exacting requirements. . The 
estimator would be very remiss if under such circumstances he did 
not set up some organisation to familiarise himself with subsequent 
layout and final cost. 

Designs which have been developed of future productions present 
a somewhat different problem. Generally—though not always— 
more time is available for close study of the economics of estimating 
make-up, all concentrated upon the elimination of waste in material, 
labour, handling, planning, progressing, service, and transport, 
Further, the estimator has continually under review the costs of 
one or another of the firm’s standard products. Only by such 
means can the estimator keep up to the competitive mark and main- 
tain touch with the instant position of works progress, and it must 
be fully realised that estimating is not an up-to-date job, but one 
of projection and of the future. 

It is not uncommon to find that the estimator is an ex-draughts- 
man who has covered himself with a veneer of pricing; or ex- 
apprentices who take it up with a view to future jobs as sales- 
engineers. It cannot be expected that business can be conducted— 
much less developed—under such circumstances and the estimator 
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ESTIMATING METHODS 


of the future must obviously be a man trained to the methods of 
economic production. This obviously carries with it a knowledge 
of industrial requirements and design, from which may be obtained 
a resolution into monetary values. 


What are the Fundamentals of Estimating ? 


This question conjures up a mental picture which involves a 
description of a man of many parts who looking at a design sheet 
visualises the creation and form of the ultimate; tracing the 
contribution of manufacturing process of all departments and 
sections of the works from the alpha of the drawing office unto the 
omega of dispatch. 

His first glance at a drawing finds him critical of the shape and 
form, to ascertain firstly if the requirements of pattern-making are 
reduced to the lowest terms, and in turn its reactions upon moulding 
and coremaking. 

He considers whether the casting will lend itself to ease in setting 
and machining ; whether the call for machining is exact to require- 
ments ; where accuracy is necessary, or greater or lesser tolerance ; 
whether to grind, plane, shape, or mill; whether *twere better to 
use lathe or boring mill ; how as a component it will assemble and 
merge into the final product, whether, after all, to fabricate the 
component. Castings or pressings, black or bright bar, make or 
factor, sand or die cast. All these mental considerations with the 
one objective—the lowest estimate with economy in production. 

All this before the factory starts upon its intricate line of opera- 
tion ; and those movements have for their origin “ an estimate ” 
upon which may depend the determination and the fixing of a 
manufacturing policy which may commit the business and the 
factory toa programme for many months and perhaps years ahead, 
with the consequent financial commitments and_ involved 
responsibility. 


What are the Tools of the Estimator ? 


However complete may be the estimator’s knowledge of works 
layout and capacity, however deeply he may be grounded in the 
extent of standardisation in his immediate industry, his equipment 
would be gravely lacking if he did not possess a good groundwork in 
cost compilation. 

You no doubt are fully aware of the importance and usefulness 
of a profit and loss account. So vital is this statement that the 
law relating to limited liability companies exacts this as a business 
requirement. This account is a statement showing all expenditures 
and disbursements for the one part, and sales for the other part— 
the differences showing either a profit or loss. 

The cost account functions in precisely the same manner only 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


that it indicates a miniature profit and loss account for a product 
or a group of products. We shall do well, therefore, to give some 
extended attention to the make-up of cost-estimates. 


ELEMENTS OF COST. 


) Drrect Matertats | Prime 
) Direct LaBour Cost. 
) EXPENSE in immediate production or shop expense 
Supervision 
Indirect Wages or 
Light and Power Shop 
Rent, Rates, and Taxes Cost. 
Building Repairs 
Plant vs 
Tool si 
Depreciation, etc 
(4) COMMERCIAL EXPENSE 
Administrative and Distribution 
Expenses 
Management Salaries and Expense 
Bank Charges 
Advertising 
Freight 
Office Expenses, etc 
(Expenses under above headings will furnish Factory costs ; 
but it is sometimes necessary in the case of larger con- 
tractors to perform a considerable amount of work at 
site and in these cases it is desirable tolist such expenditures 
under the following heading) F 
(5) Erection TEST AND MAINTENANCE EXPENSE 


to = 


Factory 


ee | 


Total 
Cost. 


ensieame 





Fig. 2. 


Fic. 2 shows the detailed headings covering the cost of materials, 
cost of labour, and expenditures for overhead expense. I would like 
to exactly define what these items are and thus prevent any 
ambiguity. Too often are they brushed aside with careless 
indifference. 

(1) Direct material. Being the material used (in production) which 
can be directly specified for inclusion in the manufactured 
product. 

(2) Direct labour. Being all labour directly applied to the pro- 
ductive material for altering in form or substance or in its 
assembly. 

(3) Factory expense. Charges and expenses for material, labour, 
services, and/or other fixed or variable charges incurred by, 
or chargeable directly to, the factory ; other than those already 
including under the headings : Material; Labour: (as set out 
above). 

(4) Commercial expense. All sums incurred in the process of 
tendering, estimating (in part), or preparing for any project of 
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subsequent manufacture or any expenditure incidental to 
selling, negotiation, or administration fall under this heading. 

(5) Erection, test, and maintenance expense. Which includes all 
charges involved during the process of erection and testing on 
site, and all charges incurred within the specified period of 
maintenance. 


Factory expense can be further segregated and defined as follows : 
DEPARTMENTAL : Salaries and wages, supervision, planning 
and progress, clerical, insurance (health, unemployment, 
workmen’s compensation, superannuation). 
MAINTENANCE : Expense for repair and maintenance of plant 
and all adjuncts to manufacture. 
STANDING CHARGES: Rent, rates, insurance (fire). 
DEPRECIATION : Being the sums set aside for the purpose of 
replacing plant, etc., when they are no longer efficient. 
Service Charges. 
ConTRIBUTORY : Purchasing, storages, timekeeping, power 
and light, labour (general), welfare, etc. 
TECHNICAL: Management, draughting, design, ratefixing, 
experimental and development. 


VARIABLE CHARGES: Errors and defects, heating, wasting 
time, allowances. 


Alluding to the cost-estimate once more, it may be agreed that the 
estimate of materials can rapidly be prepared from the material 
schedules covered by the drawings, and so for that matter can the 
labour expenditure be calculated, but if we refer to the specimen 
profit and loss account, Fic. 3, it will be noticed that the proportion 
of expense is no inconsiderable element of cost and its apportion- 
ment or absorption by haphazard methods is very uncomplimentary 
to the otherwise skillful preparation of the elements of material 
and labour. One of the questions in the synopsis asks whether 
the production engineer is interested in estimates. While I shall 
have something more to say in this connection, I think it is my duty 
to point out to the production engineer—indeed to all who are 
engaged in direction in the works—that while the accounting or cost 
finding may be in other hands nevertheless the greater proportion 
of expenditure, and further, its allocation is under the control of 
the works staff and the responsibility is of some magnitude both in 
the matter of economic expense and also as the allocation affects 
the ultimate accuracy of the cost-estimates. 


In considering these items of revenue expense, it must be clearly 
understood that such disbursements do not cover any which are for 
manufacture of patterns, tools, jigs, gauges or any equipment which 
will be used for future standard products, neither do they include 
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ESTIMATING METHODS 


for similar articles which are likely to be required and used only 
upon a special order. The estimate for such a particular order must 
include all expenditure for such equipment including projection and 
development, design and drafting, patterns and tool equipment, 
and the like. Care must also be taken by the works staff to see 
that such items are so segregated in the works routine and accounts 
to the end that the several items are definitely isolated, in order that 
they will eventuate in the particular section in the cost accounts 
set apart for such charges. 

The “capital ’’ expenditures referred to for future standara 
products must be “spread” having regard to the anticipated 
period over which production and sale may continue and the amount 
or products which may be disposed of in such a period. 


Depreciation. 


It will be seen that not the least portion of expense is allocated 
to the item depreciation, and I am sure that it may be of personal 
interest to production engineers and all those engaged in the works 
to see how divergent are the factors of actual machine practice or 
machine usage, and the method of accounting for depreciation (not 
obsolescence). 





’ . 





Fig. 4. 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


It has already been stated that the expense item of depreciation 
is made up of the sums set aside for the purpose of replacing plant, 
etc., when such is no longer efficient. I would also ask my hearers 
not to confuse this issue with obsolescence (a brand new machine 
tool may become obsolete in a month and ordinary accounting 
methods for depreciation would not serve in such a case). 

Fic. 4 shows the several methods grouped on a composite graph : 


Thick line “ A” shows the efficiency life of a machine tool. 
The short chain line “ B” indicates the results of depreciation by 
periodic valuations. The long chain line “ C ” indicates the method 
used in depreciation when a fixed percentage is deducted from the 
original purchase value. Dotted line ‘“‘D” shows the method of 
depreciation when deducting fixed percentage from the diminishing 
value. 

It will be appreciated that in this instance zero point is never 
reached. This is a method generally adopted in accounting practice, 
and it is interesting to note that the financial characteristic is 
exactly opposite to the machine efficiency characteristic. It is 
interesting to note that none of the methods indicated follow the 
actual depreciation of the life efficiency of the machine tool. 


What the Estimator requires. 


It is obvious that the estimator cannot achieve good results by 
his own unaided efforts and, like every other person engaged in our 
complex industrial system, is dependent upon information from 
other departments each of which in turn has a dependency upon 
the estimator. 


From the design department he will require to know the types 
and ranges of the products in contemplation ; from the drawing 
office he will need to know the grouping and decisions of standard 
components. 

In Fic. 5 is shown a grouped schedule showing (in this instance) 
a make-up of a composite component ; several of the component 
parts each being common to several other assemblies, are stocked 
of themselves by which means these parts may be manufactured 
in bulk at the cheapest possible rate. 

From the purchasing department a monthly return showing prices 
and outstanding amounts of products, orders for which have been 
placed for staple materials, and the estimator will do well to draw 
up a progressive statement which will keep him in touch with 
market fluctuations (see Fic. 6). 

From the stores department useful information can be obtained 


regarding the affixtures of stocks, maximum and minimum, and 
ordering quantities. 
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CONFIDENTIAL. 
CONTRACT LIST NO. 268 (SHEET 1). 


THE INSTITUTION OF PRODUCTION ENGINEERS 








LIST OF CONTRACTS OUTSTANDING. ice cntiscevtadtntindatienidinn 
Copper (quantities unspecified). 
Total quantities (tons) sent to Shops, Comm. Bare Covered 
October to December, 1933. 18 100 34 
Comm. Bare Covered 
October 84 30 56 - 944 Total: 252. 
November 34 35 45 - 83} 
December 6 35 33 - 74 Comm. Bare Covered 
Basis Price Cotton and Silk 
Supplier Date pence lb. T. C. Q. z.. Cc. @, zo. & T. C. Q 
W. Rowley & 15-8-33 7.7/16 220 
Sons (12) ... 5-9-33 7.3/8 23 8 
5-10-33 7.1/4 10 0 0 
11-11-33 6.15/16 10 0 0 
17-11-33 6.11/16 10 0 0 
23-10-33 6.13/16 5 1 
Inman Co. (6) 1-11-33 6.13/16 10 0 0 
5-12-33 6.5/8 15 0 0 
5-1-34 6.9/16 8 12 
17-1-34 6.9/16 15 0 0 
5-2-34 10 0 
8S. E. King ... 10-10-33 20tons. Aluminium Ingot = £99 ton d/d, less 2%. 
30-6-34 (8 t.t.) 
Brass Rops, H.S.T. 
Chas. Kemp... 1-2-34 10 tons H.S.T. Brass Rods at 5d. Ib. basis BESA 249/1926 
B. Hunt «-. 3-5-32 eo « - - a oaks a 90 9 
Hurley, Dob- 
son & Co.... 15-2-33 w » 9 o« CH ua x »” ” 


BOLTS AND NUTS (BLACK) 


ee Burns 1- 1-34 
& Co . 31-12-34 


CASTINGS (GUNMETAL) 


C.V. Jameson 1-4-33 Requirements of G.M. Castingsat 10}d.Ib. until 31-3-34 
Davis & Co..... 1-7-33 = a+ s ms at 104d. is 31-3-34 
C. H. Ashley 1-10-33 pas os a - at 114d. ne 30-6-34 
Davis & «» 1-10-33 at 113d. 31-3-34 
Hodson 1-4-34 at 114d. : 30-6- 34 
CASTINGS (BRASS) 
C.V. Jameson  1-4-33 9 , Brass at 8d. 31-3-34 
Davis & Co....  1-4-33 * + at 8#d. x 31-3-34 
C. H. Ashley 1-7-33 o” ”s © at 8#d. 4 30-6-34 
Davis & 1-1-34 ne - - io at 94d. 5 31-3-34 
Hodson 1-4-34 “ ss Me s at 94d. 30-6-34 
1-4-34 pet >>  »,Brush 
Holders at 8d. - 30-6-34 


MIcA SPLITTINGS 
J. Knowels &  1-3-33 
Co. 
at 2s. 6d. Ib. less 24 per cent. d/d Works. 


OIL (TRANSFORMER AND SWITCH) 


Langford- 26-1-34 50,000 galls A.30 Transformer oil at 2s. 5d. gall. 
James Co. 30-9-34 Nett A/c. plus or minus 10 per cent. (15,000 gall. taken). 
J. Clark & Co. 1-1-34 25,000 galls A.30 oil at 2s. 5d. gall nett, plus or minus 10 per cent. 
Ltd. 31-12-34 100,000 galls B.30 oil at 1s. 9d. gall nett, plus or minus 10 per cent. 
Edkins, Ltd. 11-5-32 B.42067—104,000 galls B.30 oil at 1s. 10d. gall d/d (88961 taken). 
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Requirements of Black Bolts and Nuts as per list prices, net. 


Requirements next 15 months CAM. Ist qual,: 
No. 6 at 1s. 4d. Ib. less 24 per cent. d/d Works. 
Requirements next 15 months Superfine Mica Splittings No. 5 


Mica Splittings 








ESTIMATING METHODS 


STEEL BARS (BRIGHT rey 
L. Hadley, Ltd. 16 50 tons K.F.7 qual. at £16 ton rounds by oe (22) tons taken). 
4-234 75 tons K.F.8 qual. at £16 10s. ton rounds basis. 
G. Spencer & 8-1-32 8 ewts. ott = square 7“ og 8. > ae 32/1927, Grade 
Co. Ltd 10 k. 
3 ra 


‘0. » kept in si 
Spring SteelCo. 13-4-33 Require me ‘Of Bright wn ‘aiid Steel Bars at prices as per 
30-6-34 list. To B.E.S.A. Spec. 32/19: 
1-7-34 Requirements of Bright Rast nay Mild Steel Bars at prices as per 
30-9-34 list plus = ton extra to B.E.S.A. specification 32/1927. 
E. Trevitt, Ltd. 5-1-34 50 tons Bright Drawn Round, Square, and Hex Steel Bars to 
30-4-34 spec. at prices as per list. 
1-5-34 75 tons Bright Drawn Round, Square, and Hex Steel Bars to 
31-12-34 spec. at prices as per list, plus £1 ton. 


Fig. 6. 


From the works drafting department a list of tools ordered by 
drawing office or shop superintendents. I have already indicated 
the usefulness of the cost department which furnishes the manage- 
ment with the actual results of manufacture and which can form 
the only basis of comparison. A statement is shown in Fic. 7 

Each and all of these departments in turn call upon the services 
of the estimator. Design department regarding estimates for their 
future products, and experience goes to show that they have very 
often to go through designs and consider suggestions or modification 
until finality is reached ; many, of course, do not reach that stage, 
but time has to be conscientiously expended upon every inquiry ; 
the drawing office require similar services for component parts and 
other projects. The purchasing department for advice as to the 
many quotations for similar articles with the indication as to which 
is, not necessarily the cheapest, but the most economic. 

You are equally aware that the management will not give authority 
for tools to be ordered ad lib, without counting the cost, and the 
jig and tool department have their peculiar demands in consequence. 

Errors committed by the cost department are in turn often 
caught up by the estimator, and thus it will be seen that both cost 
and estimating department hold a measure each upon the other. 
Again the estimator contributes no little quota to standardisation, 
and is able to give many suggestions regarding group schedules for 
composite components and indication regarding standard stocks. 


Conclusion. 


In conclusion I would like to point out that the work of the 
estimator is likely to be broadened in the future. 

Many will remember that immediately after the war it was 
incumbent upon us to replace the stocks of the world. When in 
turn these were exhausted the reaction had set in and there was not 
money or security to replenish. Then the depression which was 
sufficiently health-giving to enable works and designers an oppor- 
tunity to overhaul design and methods. With a return to the 
normal there will be a change of existing policy ; and manufacture 
ahead of requirements will be the rule. 
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STANDARD COSTS 


COST RETURNS. 






























Output 
Folio Ww.o. Customer Description Type H.P. R.P.M. 
Fol. 9 20th Jan., 1934 
46/936 | 114332 8. M. G. Trppine & Co. 1 Std. Alternator. Set: A.C.F.V. 
15x7 ae ona a oes 
* 2» ‘ p 1 Rev. Armature. Type Alternators 
pa 114333 pas i 20 KW. 300V. 40/60 cyc. 1200/180 
r.p.m. 1 Comp. wd. Motor, 32 H.P. 
440V., FV. 12 x 5, 1200/1800 r.p.m. 
22nd Jan., 1934 AF.38 x 34» 25 
61/1998 | 114715 M.N.N. G. A. LAUGHTON & Co. 1 . R. Motor, 60 =. P.. ae. 50 cyc., 
720 r.p.m. ‘ ae ae 
10 
23rd Jan., 1934 AF.40 » 38 x 25 
61/2071 | 114330 G.L.G. GipBs & GIBON & Co. 2 S. C. Motors, 70 H.P., 420V. 87 
amps., 725 r.p.m. 
24th Jan., 1934 PV.40 x 38 x 20 
61/2052 | 114755 | CARD PATERSON & Co. 2 P.V.8.C. Ind. Motors, *” H.P., 
50 cyc., 400V., 960 r.p.m. 
” ” 1 ” ” 2 Prs. Slide Rails Poe 
| 25th Jan., 1934 AF.38 x 34 x 25 
61/2033 | 114669 | Dub. INsjonE & INSTONE & Co. 1 P.T.S.R. Motor, 25 H.P., 400V., 
, 43 amps., 470 r.p.m., 50 cye. nae 
AF.55 « 53 x 26 
61/2047 | 114745 Lon. BARNER & SON 1 Motor, 75 H.P., 440V. 500 r.p.m. ... 
26th Jan., 1934 TE.FC.36 x 34 x 20 
_ 114705 | Lon. Cooksky THomas & Co. Ltp..... 1 T.E.F.C.S.R. Motor, 30 H.P. 
50 cyc., 400V., 960 r.p.m. 
27th Jan., 1934 TE.38 x 34 x 20 
61/2046 | 11467 Lon. LESTER & PARSONS, LTD. 1 T.E.F.C.S. Motor, 30 H. Ws or. 
41 amps., 710 r.p.m. oe 
AF.38 x 34 x 20 
- 114671 | ,, ” 1 S.R.P.T. Motor, 40 H.P., dasaaihes 
| 58 amps., 715 r.p.m. ove 











Fig. 7. 


Standardisation will be further advanced, not only in the works, 
but to a much greater extent in the grouped industries. Further- 
more, it will extend to standardised methods of costing for industries, 
but that does not necessarily indicate standardised costs for those 
industries. It will result in standardised and comparable costs in 
a works and as a result furnish a better understanding of costs 
within industries. 

We must not be unmindful of the effects of change in the number 
of hours in the working week. There have been considerable 
utterances regarding the forty-hour week. Such a change will 
alter all fundamental factors both in estimate and costs (as in other 
matters) and occasion much careful calculation and reorganisation. 

To-day we hear a good deal regarding selling and sales campaigns. 
I cannot foresee much immediate change which will lighten the 
impositions which the works receive from the selling organisations. 
It is not the rarity for the works to receive requests from the sales- 
man to the effect that he can get such and such an order if the 
works can take it at a 10 per cent. reduction—I have long harboured 
the conviction that the works sells more articles than the salesman. 
Neither is it uncommon for the complaints of the customer to be 
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ESTIMATING METHODS 


JANUARY, 1934. 
Actual Actual Factory Selling Loss 





” § Material Labour Cost Price Packing Plus Minus Account 
a. ££ eck! £2 2 -s-e e+ a eS or ee 
} 
421310} 1313 9) 93 0 2) 16810 0 | x s 
| | | wt s 
| | | 
2211 5} rw 8 49 8 8 oo 
> a Sie) me me | 7617 9 | 8615 1 917 4 
56 1 3 1914 1); 12518 @ 14617 5 | 20 18 11 


~I 
Maa 





528 7/ 1711 2] 115 4 0| 14014 7} 30 
' 416 8 f| 
| | | 
30 5 0| 16 7 10 | 8418 5 61 3 0 | | 2315 5 
4613 5/ 19 1 0| 11212 9) 1088 41 | | 4 710 
291010| 12 711| 72 5 8 oF: ie eee 
25 15 3| 12 3 9| 67 2 0] 73312 4 | 610 4 
} | j 
28 1410/ 18 9 8} 89 5 4) 5 9 2 | | 2916 2 
1768 15 7 | 80018 3 | 475816 9| 497215 8 | 5538 4 4) 389 5 5 














Fig. 7. 


agreed to and oft-times supplemented by additions of the salesman. 

It is equally true to say that at times the works have proven 
them both in the wrong. 

Your synopsis postulates the question “Is the production 
engineer interested ? ” 

There are very few people (even engineers) who are not interested 
in finance. It is a fact that a large portion of one’s life and action 
is reflected in the accounts of either an individual, or company, or 
corporation, or bank. It is then difficult to pretend a divorce from 
monetary conditions, and as one has throughout this evening 
endeavoured to stress its effect on engineering life then there cannot 
be any doubt that the interests of the production engineer are 
aroused, perhaps more than the individual himself does realise. 

One can then express a considered judgment that until the 
production engineer develops and fosters within his other interests 
a cost complex, he will not contribute his quota to the engineering 
profession, neither will he become an asset to industrial stability 
and development. 
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APPENDIX. 


Paper on ESTIMATING METHODS by L. E. Bunnett 


(1) 


(2) 
(3) 


(4) 


(5) 


(see page 632). 





Variation of Price for Quantities. 














Setting allowance at OR 
Cost of manufacture ... 12s. 
Price of one part sos SOM. 
Ss. 
Price of two parts... + 12s. = 16s. each. 
» 
Ss. 
Price of n parts + 12s. each. 
n 
Basic quantity ... eae 
Index figure... = percentage value of setting allowance 


to total cost of batch of 40. 
If cost of each part in batch of 40 is 100s. and amount of setting 
in each part is 2s. ; 
Then index figure is 2: and 
The total cost of setting is 2s. x 40 = 80s.; and 
The cost of manufacture of each part is 100s. — 2s. = 98s. 
Cost of one part (one being number in batch) = 98s. + 80s. 
= 178s. 
P.C. 2 P.C. 
Formula : p= P— — + 
100 51 
where P = standard price each in batch of 40. 
p = price each for a batch of n parts. 
C = index figure. 








Abridged Table of Correction Factors : 
Index Quantity in Batch. 
No. 1 5 10 40 100 
By): pase 1.39 1.07 1.03 1.00 99 
ee “aon 1.14 1.06 1.00 99 
10 eo | ae 1.70 1.30 1.00 94 
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ln transport, as in industry, in commerce and 
in the home life, the ubiquitous ” bara vad 
CA play an essential part in the 
eficient organisation of modern | like. 


They are chosen and specified by designers 
in every field of mechanism, from typewriters 
fo tramways, from lawn mowers to liners. 


Production engineers insist on “ HARPER” , é 
CASTINGS because every one has such ‘ 
neticulous accuracy, consistent wality and 

the unique “ HARPER SKIN” which means 


the minimum of machining costs. 





Whatever your field of production, 
“HARPER” CASTINGS will save you 
money. Our Advisory Service is at your 
disposal. Write to-day. 


JOHN HARPERE Cor? 
ALBION worKs WILLENHALL 


TELEPHONE: TELEGRAMS : 
WILLENHALL 12¢ (LINES) HARPERS , WILLENHALL. 

















‘HARPER’ CASTINGS 
ARE USED- EVERYWHERE 


Please mention this Journat when writing Advertisers. 
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SELSON 


MACHINE TOOL CO. LTD. 


ABBEY HOUSE, VICTORIA STREET 
LONDON, S.W. 


VISIT OUR ASK FOR OUR 
SHOWROOMS CATALOGUE 





SOLE AGENTS FOR 
LAMBERT GEAR HOBBERS 


48IZEs 
No. 0 maximum diameter 1%” 
No. 1 = * 3” 
No. 2 - i. 6" 
No. 3 ae oe 12” 
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Longer Bearing Life.. 


When bearings fail, the loss of 
production and cost of replace- 
ment is many times greater 
than the difference in cost bet- 
ween inferior lubricants and 
Houghton ABSORBED OIL. 


Houghton ABSORBED OILS 
were developed by Research 
Engineers to meet the diversified 
Tequirements of modern mach- 
inery. Bearings do not run dry, 
due to oil drip and spatter. 
They are protected against abras- 
ion by a film base, while the 
exceptionally low internal friction 
of the lubricity oil allows the 
transmission of power with least 
loss through friction. 


Houghton ABSORBED OILS 
prolong machine life, save power, 
increase production. 


with Houghton 


Absorbed Oils 


“The Oils that Stay Put ~ 








EDGAR VAUGHAN ©& CO. LTD. 
LEGGE STREET - BIRMINGHAM 


*Phone: ASTon Cross 2058-9 *Grams: “‘ Compete, Birmingham.” 
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€b) ——HERBERT——= 4P 





ARDOLOY 


Four Ardoloy Tools, are taking simultaneous cuts totalling 
2” in depth. 


Cutting speed, 200 feet per minute. 
Feed, 16 revs. per inch. 
273 cubic inches of metal removed per minute. 


The machine is a Herbert No. 24 Combination Turret 
Lathe with 33” swing. 
Ardoloy enables cutting speeds to be used from four to 
six times faster than those used with high-speed steel 
tools. 

We will gladly send Ardoloy Tools on trial 


CATALOGUE AND PRICE LIST ON REQUEST 


ALFRED HERBERT LTD. COVENTRY 


Please mention this Journal when writing Advertisers. 
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We Extend to all 


our Customers 
THE COMPLIMENTS 


of the 
SEASON. 


For over 1OO years through times of stress 
and times of prosperity this old wish has gone 
forth to our friends upon whose goodwill we 
exist. 


May the NEW YEAR 
bring to us all renewed 
Success and Happiness. 


BUCK & HICKMAN LTD. 
2-6, Whitechapel Road, London, E.! 


and at BIRMINGHAM, GLASGOW, & MANCHESTER 
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CATALOGUES 
UPON 
APPLICATION 


LU 
(Wee) et unRet 
& TURRET 


Below is illustrated a WARD No. 1A 
CAPSTAN LATHE with spindle and 
shafts mounted on ball and roller 
bearings. 




















FOR 
ACCURATE 
HIGH 
SPEED 
PRODUCTION 





Height of centre.......... 5 inches 
EE ck 6b te oe 1 inch 
Spindle speeds ..... up to 4,130 r.p.m. 


Working stroke of capstan slide . 5 inches 
Size of tool holes in capstan. . . 1 inch 


Visitors to our Selly Oak Works 
are cordially Welcomed. 





H.W. WARD & Co. Ltd. Sertvosr BIRMINGHAM 
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The 
World’s first 























COST and 
PRODUCTION 
HANDBOOK 


While many experts have concentrated on costing and others on 
a+ sor gaa there has been no one publication combining the two 
subjects. 
This new COST and PRODUCTION HANDBOOK gives for the first time 
in one volume, aj) the essential information required to bring production 
under cost control. ‘ 
An important point is that the principles and practice described in COST 
and PRODUCTION HANDBOOK can be applied to large or small works 
and to any trade. Manufacturing of practi every type is represented. 


SECTION HEADINGS 
Statements and Reports. Production and Expense Budgets. 
Factory anisation. Measurement of Factory Performance. 


Production Planning and Contro). Simplification and Standardisa- 

tion. Purchasing. Raw Materials Estimating. Inventory Control 

and Storeskeeping. Job and Methods Standardisation. Rate 

Setting. Incentive Plans. Timekeeping and Payroll Procedure, 

Buildings and Fixed Equipment. achinery. Small Tools, 

— Materials. Plant and Service Costs. Cost Accounting 
e e 


Let us send «9 See I AE Rates, exavings gait to wear adineee em 


rai. Hi pou hoop tho tock yoaean banter & y easy monthly instalments 
F seu wish (see below). If not then its return to us finishes the matter. 


FREE EXAMINATION COUPON. 


USE THIS COUPON FOR 2 MACHINERY “PUBLISHING co. LTD., 
FREE EXAMINATION 52-54, High Holborn, London, W.C.1. 
OF THIS BOOK. Dike... cccccccecesees seepecccccese 


Please send me COST and PRODUCTION HAND- 





BOOK for Free Inspection. _ I will either return it in 





five days or send 5/- in ten days and 5/- monthly for 





six months paying in full - 
Free Examination Scheme applies to the United 
Kingdom ome. 





*Position *Firm 
*For our records only. 
Overseas Orders, Cash with Order, plus is. Id, 
Postage. 





4 


=———_—-— Ooo Pog pr | 


Please mention this Journal when writing Advertisers. 


xxii ? 











THE JOURNAL OF THE INSTITUTION OF PRODUCTION ENGINEERS 


40-ton tensile steel being reduced from a 2}” 
turning surface to 1” diameter IN ONE CUT 


bya 


WUNDs 


BUTT-WELDED 
TOOL 











\ |. J WUNDA Butt Welded 
cry vie Cobalt Tungsten Tools are 
i qe the last word in tool-room 
Ee efficiency and economy. 
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Me 
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11 HIGHEST AWARDS 


SOCIETE GENEVOISE 
D'INSTRUMENTS DE PHYSIQUE 


Manufacturers of 
HIGH PRECISION 


SCREW-GRINDING MACHINES 


For accurately finishing external and internal threads. 


Distance between centres 12 inches. 
Guaranteed accuracy for maximum travel 0-00008’. 
Prospectus 376 on request. 

Sole Agents for U.K. and Colonies: 


SOCIETE GENEVOISE, LTD., 
5/6, Brettenham House, Wellington Street, London, W.C.2 
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